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Introduction

Most spontaneously occurring lesions in the
accessory sex glands of the aging male rat are
infrequent. Inflammation, atrophy, ‘and, in the
prostate, corpora amylacea are the only fre-
quently observed spontaneous changes. Prolif-
erative lesions are alsorare, with the exception of
atypical hyperplasia of the ventral prostate lobes,
which occurs with variable incidence in many rat
strains (Bosland 1987c). Nonneoplasticand neo-
plastic lesions of the urethra, penis, and prepuce
are very uncommon. The purpose of this chapter
is to provide the following information: (a)
changes in accessory sex gland weights with
aging; (b) concise descriptions of lesions that

occur in the male accessory sex glands and

penile structures of the aging rat, with emphasis
on the most frequently found changes; (c) crite-
ria to distinguish between hyperplastic and neo-
plasticlesions, and betweenbenign and malignant
neoplasms, with emphasis on proliferative le-
sions in the prostate; mesenchymal tumors of the
accessory sex glands are discussed separately;
(d) information about the pathogenesis and bio-
logic significance of these lesions; and (e)
interstrain variability and time dependence of
occurrence of nonneoplastic and neoplastic le-
sions, with special attentiontothe F344, Sprague-
Dawley, and Wistar rat strains.

Detection, and thereby incidence, of male ac-
cessory sex gland lesions is subject to several
sources of bias. First, sampling and processing
of the tissue may introduce inaccuracy and varia-

tion. Many standard protocols for toxicity and
carcinogenicity testing only state that “the pros-

- tate and seminal vesicle” are to be examined

(NTP 1984; OECD 1981; US EPA 1983; US
FDA 1982), but do not give any detail about
which part(s) of these tissues should be exam-
ined. Because of the extraordinary complexity of

the male accessory sex gland structures, knowl-

edge of their anatomic relationships and incor-
poration of this information in standardization of
sampling and processing protocols is imperative
forhigh-quality histopathology of the male geni-
tal tract. Second, the anatomic complexity of the
accessory sex glands discourages a uniform
histopathologic evaluation and may thereby in-
troduce inter- and intraobserver bias. This chap-
ter is intended to contribute to elimination of
both types of bias. Therefore, anatomic consid-

- erations and suggestions for standardization of

methods of examination of the rat male acces-
sory sex glands will be discussed first.

Anatomic Considerations and
Methods of Examination

Asdiscussedinthe previous chapterby Aumiiller
and Sinowatz, the rat male accessory sex glands!
consist of the multilobulated prostate, the amp-
ullary glands, and the seminal vesicles, which
have intricate structural relationships. Other ac-
cessory sex glands, including the bulbourethral

'The homenclature of the male accessory sex glands that is used in this chapter is largely according to Jesik et al.

(1982); see also Aumiiller and Sinowatz (this volume).
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gland and periurethral glands, are anatomically
distinct from the aforementioned glands, and
they are usually not routinely examined in toxic-
ity or carcinogenicity testing studies. The rat
prostate, which is of urogenital sinus origin
(Price 1963), consists of four paired lobes (Au-
miiller and Sinowatz, this volume; Jesik et al.
1982; Lee and Holland 1987; Price 1963): the
ventral, dorsal, lateral, and anterior lobes. The
anterior prostate, which is usually referred to as
the coagulating gland, extends parallel to the
wolffian duct-derived (Price 1963; Thiedemann
- 1987) seminal vesicles. The dorsal and lateral
lobes are often referred to as dorsolateral pros-
tate, because itis difficult to distinguish between
these lobes on a routine basis. Nevertheless, itis
possible to grossly and microscopically distin-
guish lateral and dorsal prostate (Jesik et al.

1982; Lee and Holland 1987). These prostate

lobes are morphologically similar (Jesik et al.
1982; Lee and Holland 1987) and often display
a comparable spectrum of pathologic changes in
the aging rat (Bosland 1987a, b, c). The ventral
lobe, on the other hand, is anatomically distinct
(Jesik et al. 1982; Lee and Holland 1987} and
shows aspectrum of lesions that may differ from
that found in the dorsolateral prostate (Bosland
1987a, b, ¢). The tissues that directly surround
the prostatic urethra and prostatic utricle. are
structurally very complex since they consist of
the ducts of the four prostate lobes and the
seminal vesicles, as well as the wolffian duct-
derived (Thiedemann 1987) deferent ducts and
ampullary glands.

~ Correct tissue processing methods, in particu-

lar tissue trimming, are critical in the micro-
scopic evaluation of rat accessory sex glands, as
indicated earlier. Because of the structural com-
plexity of the rat male accessory sex glands it is
imperative to vigorously standardize tissue trim-
ming methods, which will provide the patholo-
gist consistently with the same orientation of the
tissue and thereby reduce intraobserver bias. The
© accessory sex structures are best removed and
fixed in toto together with the urethraand urinary
bladder (the latter can be removed for separate
fixationifrequired). One tissue triimming method
has been described previously (Bosland 1987c¢).
Briefly, it consists of cutting the dorsolateral
prostate complex in halves at a right angle to the

dir

JEP Y e

JRUEATS TR S A
Maarten C. Bosland

prostatic urethra after trimming off the urinary
bladder, ventral prostate lobes, and seminal
vesicle/coagulating complexes. These dorsolat-
eral prostate lobe halves are both embedded and
sections will show dorsal and lateral prostate,
ampullary glands, prostatic urethra, and pros-
tatic utricle, as well as ducts of the prostate lobes,
coagulating glands, and seminal vesicles; the
ventral lobes are separately embedded. Alterna-
tively, it is possible to make sections in a
parasagittal plane including dorsolateral lobes
and some of the ampullary glands,and, in smaller
rats, ventral lobes; the periurethral region cannot
easily be viewed in this approach. The coagulat-
ing glands and seminal vesicles are best viewed
together,and a longitudinal section is preferable
{o a cross-section because there are proximal-

_distal differences in the occurrence of prolifera-

tive lesions in the seminal vesicle. Although it
may not be necessary 1o distinguish between
ventral and dorsolateral prostate on a routine
basis in toxicologic pathology, it is important to
include both ventral and dorsolateral prostate in
microscopic examination of the rat male genital
tract, whichever tissue trimming method is used,
so that the exact lobe localization of lesions can
be determined when required.

Changes in Organ Weights
with Aging o

1t is difficult to judge the value and reliability of

reported accessory sex gland weights because

they vary greatly depending on the method by
which the tissue was dissected at autopsy. For
example, unless the dissection methodology is

accurately described, the weight of “the pros-
tate” cannot be interpreted. The ventral prostate

can easily be separated and freed from surround-
ing fat tissue by blunt dissection, and rather
accurate ventral prostate weights can thus be
obtained without jeopardizing histologic integ-
rity of the tissue. Dissection of the dorsolateral
prostate, coagulating glands, and seminal vesicles
for weighing purposes is a much more compli-
cated, but notimpossible (Leeand Holland 1987),
proposition for the following reasons. The con-
tents usually spill from the coagulating glands
and seminal vesicles directly after they are cut
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from the dorsolateral prostate, affecting weight
and size, and thereby histologic appearance,
particularly of the semiinal vesicles. In addition,
itis difficult to standardize the site at which these
structures are removed from the dorsolateral
prostate, although it is rather easy to dissect
coagulating gland from seminal vesicle. For
_thesereasons, itis not possible to compare acces-
sory sex gland weights between studies, and
there is vmmlly no reliable information on
changes in accessory sex gland weights with
aging in different rat strains. Data on ventral
prostate weights (unspecified dissection meth-
odology) in COP and ACI/SegHap rats (Isaacs
1984) suggest that the absolute weight of this
lobe increases considerably until 12 months of
age in a steady fashion, with the most rapid
increase during the first 4 months of life. Subse-
quently, ventral prostate weight decreases slowly
from age 12—16 months onward, without a con-
comitant comparable decrease in body weight.
The fastest rise in weight of the ventral prostate,
and forthat matter all other accessory sex glands,
takes place during puberty, i.e., between4 and 6—
7 weeks of age (Stiens and Helpap 1981a).

The most practical approach to studying ac-

cessory sex gland weights is to establish a vigor-

ously standardized but easy-to-apply method for

dissecting the structures of interest, and to deter-
mine baseline values using this method in the rat
strain under study. An easy, yet accurate, way to
obtain a measure of accessory sex gland weights
is to remove them in toto, subsequently remove
the bladder and all but the intraprostatic part of
the urethra, and weigh them together after clean-
~ ing connective tissue away. The ventral lobes
can also be removed prior to weighing. Removal
of the intraprostatic urethra interferes with fur-
- ther histologic examination of the dorsolateral
prostate-ampullary gland complex and creates
therisk of considerable spillage of seminal vesicle
secretion.

Prostate

The rat prostate, as mentioned earlier, has four
distinct paired lobes. A distinction between the
various lobes is not always made, even in re-
search specifically directed to the prostate. Al-
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though in general it would be prudent to dis-
criminate between prostate lobes, inroutine toxi-
cologic pathology, this is, with the exception of
the anterior prostate (coagulating gland), neither
practicable nornecessary. Only when treatment-
related effects are suspected to occur is it desir-
able to determine the exact lobe localization of
lesions. The coagulating gland is easily distin-
guishable from the other prostate lobes; it is

usually embedded together with the seminal

vesicle, and the structure of this gland and its
spectrum of pathologic changes are different
from those of the other prostate lobes. Therefore,
it is advisable to treat the coagulating gland as a
separate tissue for routine purposes. This gland
will also be discussed here separately, whereas
the ventral and dorsolateral prostate lobes are
considered together.

Differences in the occurrence of neoplastic

and nonneoplastic prostate lesions between dif-
ferent rat strains have been reported by Isaacs
(1984) for the COP and ACI/SegHap strains and
by Burek (1978) for the WAG/Rij and BN/Bi
strains and their F1 hybrid. Isaacs (1984) demon-
strated marked strain differences in the inci-
dence of various lesions in the ventral prostate
with aging, in terms of both time to onset and
finalincidence. Burek (1978) founddistinct strain
differences in the frequency and age at observa-
tion of severe suppurative inflammation with
abscess formation in the prostate (n.o.s., not
otherwise specified) of aged rats. These studies
emphasize that marked strain differences in the
occurrence of prostate lesions do exist, since

husbandry conditions and methods of examina- '

tion were kept constant. Unfortunately, none of
the strains in these studies are commonly used in
toxicity and carcinogenicity testing. Therefore,
no further details are presented here, and the
interested reader is referred to the original pub-
lications (Burek 1978; Isaacs 1934).

Data on the incidence of accessory sex gland
lesionsinlarge numbers of animals are limited to

the 2-to 2 1/2-year age range, whereas studies of -
~ younger ages mostly concern small numbers of

rats. This chapter includes the most recent inci-
dence data available for the F344 strain (from the
National Toxicology Program, NTP), the
Sprague-Dawley strain (unpublished data from
Merck Sharp and Dohme Research Laborato-
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ries, West Point, PA), and Wistar rats (unpub--.
lished data from Hoechst AG, Frankfurt, Ger-

many, and the TNO-CIVO Toxicology and
Nutrition Institute, Zeist, The Netherlands). The
few studies that have directly compared changes
in lesion incidences with aging between rat
(sub)strains (Jsaacs 1984; Kroes et al. 1981) are
also discussed, but studies dating from before
1975 are not included. Incidences of nonneo-
plastic and neoplastic lesions are summarized in
Tables 1 and 2 (F344),3and4 (Sprague-Dawley),
and 5 and 6 (Wistar). .

Nonneoplastic Lesions

Inflammation

Inflammation is the most frequently occurring
lesion in the rat prostate (Tables 1-6). All types
‘and all stages of inflammation can be found,
varying from acute inflammatory lesions with a
predominant poly morphonuclear infiltratcand a
suppurative character, t0 chronic types of in-
flammation with interstitial mononuclear infil-
trate, proliferative inflammatory changes, and/
or granuloma development, to abscess forma-
tion. A frequent finding is prostatic acini orducts
filled with cellular debris and polymorphonuclear
inflammatory cells, but with unchanged epithe-
Jium and surrounding interstititrm. This is prob-
ably due toan acute inflammatory processlocated

peripherally in the same tubuloalveolar prostatic
gland unit. Acute inflammation can vary froma
small area of affected glandular epithelium with .
neutrophilic infiltration and some epithelial de- .

generation and sloughing (Fig. 1) to involve-
ment of an entire prostate lobe with massive
suppuration. Sometimes only a single tubuloal-
* yeolar unit is affected from the periphery to the

opening of the duct in the urethra (Fig. 2), per--

haps suggesting that an infectious agent has
penetrated from the urethra into this unit, but not
into neighboring ones. In aged rats, all stages of
postinflammatory repair can be found, as prosta-
titis often is not an end-stage disease.

“Spontaneous” prostatitis may or may not be .

associated with bacterial infection (Miintzing et
al. 1979). It often predominates in the lateral
prostate, and the ventral prostate is probably the
least frequently affected lobe (Miintzing et al.
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1979), but exact information on lobe preference
is lacking for most rat strains. Prostatitis can be
induced by intravesicular inoculation of patho-
genic bacteria, leading to inflammation in the
ventral prostate in young rats (Friedlander and
Braude 1972) that lack antibacterial substances
in this lobe (Levy and Fair 1973). However,
inoculation of pathogenic bacteria into a ventral
prostate lobe causes infl ammationnot only inthe
ventral but also in the dorsal and lateral lobes
(Kaplanetal. 1983), indicating thatinfectioncan
spread from one lobe to another, Castration en-
hances the incidence and severity of spontane-
ous lateral prostate inflammation (Lundgren et
al. 1984) and increases persistence of induced
inflammatory changes in all lobes (Kaplanetal.
1983). Testosterone administration in intact rats
has little effect on the development of spontane-
ous prostatitis in the lateral lobe (Lundgren etal.
1984); however, combined treatment with estro-
gens and androgens induces inflammation pre-
dominantly in the lateral prostate (Leav et al.
1988, 1989; Robinette 1988). Thus, these hor-
mones may. be related to the propensity of this
lobe to develop inflammatory changes. Prolactin
secretion is stimulated by estrogen and is per-
haps also involved since the lateral prostate

‘seems more sensitive than the two other lobes to

the combined action of this hormone and testos-
terone (Lee and Grayhack 1089). Stress (low

. temperature, limited space, and access to water

and food) has been shown to produce by an
unknown mechanism nonbacterial inflamma-
tory changes within 3-10 days, which were

"marked in the ventral lobe but mild in the dorso-

lateral prostate (Aronssonetal. 1988; Gatenbeck

etal. 1987). Incomparison withrats separated by

sex, continued opportunity for sexual activity
reduces the incidence and severity of spontane-

~ous inflammatory lesions in the lateral prostate

(Aumiller et al. 1987; Lundgren et al. 1984).

Aumiiller et al. (1987) proposed that stagnant
secretion containing cellular debris from des-
quamated cells interacting with a secretory pro- .
tein that is specific for the lateral prostate causes
theage-related spontaneousinﬂammationinthat
lobe in animals that are kept under celibate
conditions. SR
There is probably nocorrelation between pros-
tatitis and the presence of inflammatory lesions
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Table 1, Incidence (%) of nonneoplastic and neoplastic lesions in the prostate of 25- to 26-month-old F344 rats®

Reference
NTP Reports®  Goodman® Reznik! Charles Riverr  Solleveld’
No. of animals 994 1754 1775 938 2320
_ Inflammation

N.o.s. NA : 9

Acute 12 (0-38) NA

Chronic 17 (0-69) NA
Atrophy (n.o.s.) 0.1 (0-2) 0.9
Hyperplasia (n.0.s.) 6 (0-23) 1.4 2.8
Corpora amylacea/ 0.3 (04) 0

concretions '

Adenoma 0.2 (0-2) 0.17 3.6 0.3 (0-1.6) 0.6
Adenocarcinoma . 0 0 0.42 0 0
Malignant schwannoma 0.1 (0-2) 0 0 0 0
Paraganglioma - 0 0.05 0 0 0

" . NA, not applicable

* This table does not include a study of 296 27- to 30-month-old F34+4/DuCrj rats that did not have any prostate necoplasms (Maeka“ aetal. 1983).
® Data for control F344/N rats from 21 NTP carcinogenicity studies (1989 Technical Report Nos. 345, 356-367, 369, 370; 1990 Technical chon Nos.

372-376, 378, 379); range is given in parentheses.
¢ Data on unspecified substrain reported by Goodman et al. (1979).

¢ Data only on proliferative lesions in unspecified substrain reported by Reznik et al. (1981).
' Control tumor data for CDF (F344/Crl) rats from 13 studies (Charles River Laboratories 1990); range is given in ga:emheses.
f Control wmor data for F344/N rats (Solleveld et al. 1984); this study also included 529 F344/N rats kept for life, none of which developed prostate

temors.
* All lesions were found in the ventral prostate.

Table 2. Incidence (%) of nonneoplastic lesions in the prostate of 6- to 33-month-old F344 rats®

Age period (months)
6-11 12-17 18-23 24-29 30-33
No. of animals- 13 19 - 35 42 15
Inflammation
Acute 31 26 20 17 20
Chronic 31 47 43 31 20
Atrophy (n.0.s.) 0 0 0 2 0

* Adapted from study of unspecified substrain reported by Coleman et al. (1977). No tumors or hyperplastic lesions of the prostate were reported.

at other sites, such as the respiratory tract (M.C.
Bosland, unpublished data), but no definitive
information is available in this regard. The oc-
currence of prostatitis may be associated with
infection pressure from outside, since a high
prevalence of prostatic inflammation is some-
timesrecurrently found in specific animal rooms,
but not in others (M.C. Bosland, unpublished
data). Thus, the presence of prostatitis as a post-
mortem observation may serve as a health status
indicator. Only very severe inflammation can
lead to or contribute to the death or moribund

state of aged rats, particularly when other
pathologic conditions exist that weaken the ani-
mal.

The incidence of inflammatory lesions in the
rat prdstate is rather variable, both within one
strain (Tables 4, 6) and between strains (Tables
1-6). It is not clear to what extent interobserver
bias is responsible for this variability. The very
large range in the incidence of prostatitis in
control groups of F344/N rats in 21 recent 2-year
studies completed within a 3-year period for the
NTP by 11 different testing laboratories (Table



Fig. 1. Minimal focal acute inflammation, dorsal pros-
late. H&E, X 135
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Fig, 2. Acute inﬂammaﬁon limited to one tubuloalveolar
unit of the lateral prostate. H&E, X 28

1) suggests that differences in environmental
conditions between laboratories as well as
interobserver differences in scoring of inflam-
matory lesions play a role in this regard. Infor-
mation about differences in occurrence of in-
flammation between ventral and dorsolateral
' prostate is only available for Wistar rats (Table
*6). In this strain there is an age-related increase
in the incidence of acute and chronic inflamma-
tory lesions (Table 5) which are more prevalent
inthe ventral than the dorsolateral prostate (Table
6). Such an association with age is not apparent
from data for the F344 and Sprague-Dawley

strains (Tables 2—4). For practical purposes it is -

useful to limit the types of inflammation in
toxicity testing reports to acute and chronic in-
flammation, and perhaps interstitial accumula-
tion of mononuclear inflammatory cells. Focal
inflammatory lesions can be graded on the basis
of a combination of the number and size of the
inflammatory foci and the severity of the inflam-
mation, whereas diffusely occutring inflamma-

tion can be graded primarily according to sever-

ity.

Atrophy

Three forms of atrophic change can be distin-
guished in the rat prostate. Oneis diffuse atrophy
that results from androgen deprivation and i
found after castration or testicular atrophy. There

is hyposecretion and a loss of epithelial cells

without concomitant cell renewal, the epithelial'
cells take on an undifferentiated morphology
with few secretory features, and the amount of
fibromuscular stroma is apparently increased.
The result is a decrease in glandular size and
weight. This type of atrophy can occur in any of
the prostate lobes. The second form of atrophy
consists of a marked flattening of the epithelium
in most alveoli witliout much loss of secretory
material or increased amount of stromal tissue,

-suggesting a decreased rate of glandular empty-

ing resulting in cessation of secretory activity.

This type of diffuse atrophy is most often found -

wsersimnmimtst
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‘Table 3. Incidence (%) of nonneoplasuc and neoplastic lesions in the prostate of 1.5- to 46-month-old Sprague-

- Dawley rats
Age period (months)
1.54.5 4.6-7.5 7.6-13.5 13.6-46 - 25
No. of animals 1707* 4342 417° 1986 869°
Inflammation o e
"N.os. 3 5 7 10

Mononuclear infiltrate 10 14 3 04
Atrophy (n.o.s.) 0.5 16 14 1.5
Hyperplasia (n.0.s.) 0.5 0 0.7 "3
Corpora amylacea/ 0 1.8 0 03

mineralization :
Adenoma 0 0 0 03 ' 0
Adenocarcinoma 0 0 -0 0.2 0.5 (0-1.4)
Histiocytic sarcoma -0 0 0 0.2 0
Sarcoma (n.o.s.) 0 0 0 0.2 0
Fibrosarcoma 0 0 0 0 0.1(0-1.3)
Leiomyosarcoma 0 0 0 0 0.1{0-1.3)

* Unpublished data for contro! Crl:CD(SD) rats from Merck, Sharp and Dohme Resecarch Laboratories, West Point, PA, 1969-1988.
* Tumior data for control Crl:CD rats from 13 studies (Charles River Laboratories 1987); range is given in parentheses.

Table 4. Incidence (%) of nonneoplastic Iesions in the prostate of 6- to 38-month- old Spraoue—DawIey (Hap:SD

and Crl:CD) rats®
Age period (months)
6-11 12-17 18-23 24-29 24-29 30-33
Strain® Hap Hap Hap Hap CD Ch
+CD +CD

No. of animals 13 - 26 20 32 25 43
Inflammation (n.o.s.) .23 15 5 44 25 21
Atrophy (n.o.s.) : 0 0 0 0 ¢ 7
Hyperplasia ‘ '

Atypical 0 0 0 3 0 a

Reactive 0 0 10 34 12 16
Corpora amylacea/ . 46 62 50 78 20 37

mineralization

2 Adapted from Anver et 2l. (1982); no neoplasms of the prostate were seen.

® Hap, Hap:SD substrain; CD, Crl:CD substrain

in the ventral prostate of aging rats (Isaacs 1984).
The third form of atrophy is a focal atrophic
lesion of the castration atrophy type, usuaily
with a pronounced sclerotic reaction. This focal
sclerotic atrophy is probably the end-result of an
earlier focal inflammatory lesion and can occur
in any of the prostate lobes.

An increased occurrence of diffuse atrophy
(second type) and decreased wet weight of the

ventral prostate with aging is correlated with
decreases in serum testosterone levels in the

. COP and ACI/SegHap strains (Isaacs 1984). On

the other hand, there is no correlation between
the occurrence of bilateral testicular atrophy and
the presence of atrophy (any type) of any of the
prostate lobes in Wistar (Cpb:WU strain) rats
(M.C. Bosland, unpublished data). There is also

no correlation for the presence of marked diffuse
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Table 5. Incidence (%) of nonneoplastic and neoplastic lesions in the prostate of 24- to 30-month-old Wistar

(Hoc:Wiskf/SPF71) rats®

Age period (months)
24-26 - 27-30
(10 studies) (12 studies)
No. of animals 522 790
Inflammation (n.0.s.) 4 (1-6)° 9 (3-16)
Atrophy (n.0.s.) 0 1.9 (1.7-2)

2Data for control rats from Hoechst AG, Frankfurt, Germany, 1982-1990; No neoplasms were observed.

®Range is given in parentheses.

Table 6. Incidence (%) of nonneoplastic and neoplastic lesions in the prostate of 4- 10 33-mofth-old Wistar rats

Reference Bosland® Kroes et al.’
Substrain Cpb:WU Cpb:WU Tox:WU
Age (months) 4 13 25 33 2533 >18  >30
No. of animals ' 3861 143 67
No. of tissues (VP, DLP)? 45,21 44,31 62,50 37,43 '
Inflammation ' B
N.os.t ‘ 3 31
Acute! 7,0 9,23 11,26 19,58
Chronic* 0,0 2,10 7,12 16,30
Atrophy, diffuse? 0,0 0,0 2,6 5,16 0 0
Hyperplasia, atypical® 0,0 5,0 16,0 24,0 0 0
Corpora amylacea/ 0,5 66,65 89,66 92,16 0 0
concretions? oo
Squamous metaplasia’ 0,0 0,0 0,0 0,0 0 4
Adenoma 003 0 0
Adenocarcinoma 0.03f 0.7 -0

» M.C. Bosland, unpublished data for contro] Cpb:WU rats. -

b Data from control Cpb:WU and Wistar SPF Tox (Tox:WU) rats reported by Kroes et al. (1981).

< Number of Cpb: WU rats for which tumor dita were available (TNO-CIVO Toxicology & Nutrition Institute, Zeist, The Netherlands, 1976-1987).
¢ Nonneoplastic lesion incidences are given separately for the ventral prostate (VP) and dorsolateral prostate (DLP). :

< Originated from ventral lobe.
f Qriginated from dorsolateral lobe.

atrophy between different prostate lobes and
other accessory sex glands in this strain. Treat-
ment-induced testicular atrophy, however, is
usually accompanied by diffuse atrophy of all
accessory sex glands. Thus, although drug- or

castration-induced androgen deprivation results

in prostatic atrophy, there are apparently also
other mechanisms by which diffuse atrophy can
develop in one or more prostate lobes.

The spontaneous incidence of atrophy (n.0.s.)

of the prostate (n.o.s.) is not high in F344,

Sprague-Dawley, and Wistar rats (Tables 1-6).

In most available data sets this change becomes
somewhat more frequent with aging. However,
this does not universally occur, as indicated by
the incidence data for Sprague-Dawley rats in
Table 3, showing a ten-fold higher incidence in
4.5- to 7.5-month-old animals than in either
younger or older rats, In the Wistar rat atrophy
occurs more frequently in the dorsolateral than
in the ventral prostate (Table 6). The data on
ventral prostate atrophyin COPand ACI/SegHap
rats indicate that there can be considerable strain
differences in time to onset and final incidence of

um [ LI ' ' n
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Fig. 3. Focal squamous metaplasia and large concretion
blocking a duct, dorsolateral prostate. H&E, X 135

—————

diffuse atrophy (Isaacs 1984). Focal atrophic
lesions can be graded on the basis of a combina-
tion of the number and size of the atrophic foci
and the severity of the atrophy, whereas diffuse
atrophy can be graded only according to its
severity, j

Corpora Amylacea

Corpora amylacea can be found in the prostate of
mostagedrats, but their abundance varies greatly
(ML.C. Bosland, unpublished data). These con-
Crétions often undergo some degree of mineral-
ization when they become larger and more
abundant. There is no association with inflam-
matory changes (Table 6; Isaacs 1984; M.C.
Bosland, unpublished data). Occasionaily cor-
pora amylacea in the dorsolateral prostate be-
come so large that they block excretory ductsand
cause local squamous metaplasia and/or inflam-
matory reaction (Fig. 3). The increasing inci-
dence of concretions in the ventral prostate with
aging coincides with the occurrence of atypical
hyperplasia in at least some rat strains (Isaacs
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1984), but there is no correlation between their
presence and atypical hyperplastic lesions in
individual ventral lobe alveoll in Wistar rats
(M.C. Bosland, unpublished data). The patho-
genesis of corpora amylacea in the rat prostate is
not known. ‘

The occurrence of corpora amylacea is prob-
ably an age-related phenomenon in most rat
strains (Tables 4, 6; Isaacs 1984). Interestingly,
the frequency of these concretions steadily in-
creases with age inthe ventral prostate of Wistar
rats, but not in the dorsolateral lobe, where their
prevalence appears to decrease after 25 months
of age (Table 6). The incidence of corpora
amylaceaisrather variable amongdifferent stud-
ies (Tables 1-6), likely in large part due to
differences in criteria used to make a decision on

- whether or not to record their presence. Never- -

theless, the occurrence of this change can vary
greatly between (sub)strains (Table 4; Isaacs
1984). The presence of corpora amylacea can be
graded on the basis of the number of alveoli with
concretions and the amount of corpora in the
afflicted alveoli.

Hyperplasia

- There are basically four distinct types of

hyperplasia in the rat prostate, reactive hyper-
plasiaand three types of nonreactive hyperplastic
lesions (Bostand 1987). Reactive hyperplasia is
always combined with inflammatory cell infil-
trate. It characteristically consists of a simple
thickening of the epithelium into two to six or
more cell layers, although pseudoglandular struc-
tures can be found. The hyperplastic cells may be
slightly atypical but are mostly rather uniform.
Reactive hyperplasia is most frequently found in
the dorsolateral prostate, particularly the lateral
lobe, and less often in the ventral prostate. Its
incidence parallels that of prostatitis and is usu-
ally not separately recorded.

Functional hyperplasia can be (multi)focal or
diffuse in both the ventral and the dorsolateral
prostate. In the ventral prostate, functional hyper-
plasia is usually found at the periphery of the
lobe, and it is characterized by crowded epithe-
lial cells that are tall columnar and by increased
infolding of the lining epithelium into the alveo-
lar lumen. The cells are hyperbasophilic but
otherwise normal. The amount of intra-alveolar
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Fig. 4a, b. Atypical hyperplasia, ventral prostate. a Minimal atypical hyperplasia merging with normal epithelium.
H&E, X 275. b Marked atypical hyperplasia confined to one acinus but almost obliterating the lumen. H&E, X 135

secretion is often decreased. In contrast to reac-
tive or atypical hyperplasia, the epithelium isnot

multilayered, but the increased infolding can be:

mistaken for cribriform growth. Functional
hyperplasia may be accompanied by diffuse en-
largement of the gland in question, but enlarge-
ment of accessory sex glands is often the result of
hypersecretion or obstruction of the outflow of
secretory material rather than hyperplasia. A
mild degree of functional hyperplasia s frequent
in (young) adult rais, but its presence is rarely
recorded as a spontaneous finding. :
Atypical hyperplasia occurs in all male rat
accessory sex glands, but is frequent only in the
ventral prostate. Detailed descriptions of this
focal intra-alveolar papiltary/cribriform lesion
of the ventral prostate (Fig. 4) have been pub-
lished elsewhere (Bosland 1987¢; Isaacs 1984;

Reznik 1990; Reznik et al. 1981; Ward et al..

1980). The term “atypical hyperplasia” is fa-
vored by this author over synonyms such as
“hyperplasia” or “dysplasia,” because it cap-
tures the two essential elements of the lesion, ie.,

hyperplasia and cellular/nuclear atypia. Focal
dysplasia, i.e., regions with marked cellular
atypia, can occur within areas of atypical
hyperplasia, as can squamous metaplasia (Reznik
ctal, 1081). Itis likely that the lesions designated
as hyperplasia (n.0.s.) in Tables 1 and 3 were in
fact atypical hyperplasia of the ventral prostate.

Since there is little doubt that adenoma of the
ventral prostate develops from atypical hyper-
plasia and carcinoma from adenoma (Reznik et
al. 1981: Ward et al. 1980), atypical hyperplasia
should be regarded as preneoplastic (Bosland
1987a, b, ¢) and should be distinguished from
other types of hyperplasia. Since all stages from
very early hyperplasia to adenoma and carci-
noma can be observed in ventral prostates from
aged rats without a clear separation between
these lesions, the development of ventral pros-
tate carcinomas is probably a continaum without
discrete steps (Bosland 19872, b, ¢; Reznik et al.
1981: Ward et al. 1980). However, with increas-
ing size of the proliferative lesions, there is an
increase in the occurrence of focal dysplastic
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Table 7. Morphologic criteria to distinguish between atypical hyperplasia, adenoma, and adenocarcinoma of the

rat ventral prostate?

Morphologic feature

‘ Atypical hyperplasia

Adenoma

Adenocarcinoma

One to a few
adjacent alveoli

- Obliteration of alveolar lumen No
Distortion of normal architecture  No
'Compression of surrounding tissue No

Size

Capsule formation No
Growth pattern Cribriform
Central necrosis ~ No
Inflammatory infiltrate No
Invasive growth No

'Degree of pleomorphism (atypia) Mild

One to several (<10)
adjacent alveoli

Yes
Yes
Yes
Sometimes

Predominantly cribriform,

>10 adjacent
alveoli

Yes
Yes (marked)
Yes

Often marked and
with fibroplasia

Cribriform, solid

also solid and comedo and comedo
No Frequently
Qccasionally Frequently
No Yes
Mild to moderate Moderate to marked

» Adapted in part from Mitsurori and Elwell (1988), and Bosland (1987a, b, c).

areas, and of comedo and solid growth patterns,
while cellular atypiaalso increases slightly. This
may be a morphologic expression of increased
neoplastic and ultimately malignant potential.
- Distinction between hyperplasia, adenoma, and
carcinoma of the ventral prostate thus poses
considerable difficulty and is to some extent
arbitrary. Since there is little insight into the
biologic behavior of these proliferative lesions,
standard morphologic criteria that are used for
the distinction between hyperplasiaand neoplasia
in other organs of rodent species are bestapplied
for the present time (Boorman 1985). A practical
approach to distinguish adencma from atypical
hyperplasia in the ventral prostate is to reserve
the term “atypical hyperplasia” for prolifera-
tions that do not completely obliterate the alveo-
lar lumen and are limited to one to three adjacent
alveoli, do not compress surrounding tissue, and
donotdisturbnormal alveolar architecture (Table
7; see also Bosland 1987¢; Mitsumori and Elwell
1988). Capsule formation and the presence of
comedo growth patterns should be regarded as
indicative of neoplasia. _

The pathogenesis of atypical hyperplasia of
the ventral prostate is not known. The lesion can
be induced by some carcinogens, including low
" doses of cadmium (Katayama et al. 1982; Pour
1983; Pour and Stepan 1987; Shirai et al. 1986;
Waalkes et al. 1988, 1989).

Theincidence of atypical hyperplasiaincreases
slightly with aging in probably all rat strains
(Tables 3, 6;Isaacs 1984) but remains rather low,
with the exception of the ACI/SegHap strain, in
which almost 100% of animals have such lesions

‘by 2 years of age (Isaacs 1984; Ward etal. 1980).

Interobserver bias probably influences the re- .

" corded prevalence of thislesion to a greatextent,

as is suggested by the large range in incidence in
the NTP studies with F344/N rats summarized in
Table 1 and by the differences in incidence be-
tween studies with Wistar rats given in Table 6.
Grading of atypical hyperplasia can be done on
the basis of a combination of the number of
alveoli affected and the extent of the lesions.
Atypical hyperplasia of the dorsolateral pros-
tate is very rare. This lesion has not been re-
ported to occur spontaneously, but only to result
from treatment with chemical carcinogens and/
or sex steroids (Bosland 1987c; Bosland et al.
1990: Leav et al. 1988, 1989; Shirai et al. 1991).
There is considerable variationinthe appearance
of dorsolateral prostate atypical hyperplasia,
which is described in some detail elsewhere
(Bosland 1987¢; Bosland et al. 1990). The lesion
may vary fromintra-alveolar microgland forma-
tion with atypical cells arranged in a single layer
to multilayered areas consisting of disarranged,
piled up, enlarged, hypochromatic cells with
large pale nuclei, sometimes with a cribriform
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Fig. 5a, b. Seminal vesicle-like hyperplasia, dorsal prostate. a The acinus at the fop has increased infolding and
cpithelium that is taller than the unchanged epithelium in the lower right-hand corner, and nuclei that are basally
located. H&E, X 275.b The hyperplastic epithelium that protrudes into the acinar lumen is seminal vesicle-like with
increased folding, and it is continuous with an area at the left side where the epithelium is atypical, with formation

of some small glands. H&E, X 275

growth pattern (see also Leav et al. 1988, 1989).
1t can occur in the alveoli as well as in the ducts.
Tt is difficult if not impossibie to distinguish
between atypical hyperplasia with a distinct in-
flammatory component and reactive hyperplasia
as such, which occurs frequently in the (dorso)
lateral prostate.

- Seminal vesicle-like hyperplasia is a change

that is characterized by the replacement of the-

normal epithelium of the dorsolateral prostate by
epithelial cells that closely resemble seminal
vesicle epithelium (Fig. 5). The cells in this
lesion are colummar with somewhat elongated,
strongly basophilic, basal nuclei. There is a dis-
tinct increase in the number of cells per unit
length of basement membratie as compared with
‘normal epithelium, and there is often an increase
~in the number of glandular infolds. Areas of
- atypical hyperplasia may occur in this lesion,
and these atypical areas may be continaous with
early-stage adenocarcinomas. This lesion is there-

fore perhaps a preéursoﬁ of atypical hyperplasia,

which is a potential preneoplastic lesion. This
type of hyperplasia is uncommon as a spontane-
ous lesion in aging rats but can develop in re-
sponse to exposure to chemical or hormonal
carcinogens (M.C. Bosland, unpublish_ed data;
T. Shirai, personal communication). .

Other Nonneoplastic Lesions

Squamous metaplasia is a proliferative change,
as has been demonstrated, for example, in the
dog prostate (Merk et al. 1986). Focal metaplas-
tic changes of the prostate, occasionally with
some keratinization, occur in aging rats often as
areaction to either the presence of large concre-

“tions in dorsolateral prostate ducts (Fig. 3) or

inflammatory processes. Diffusely occurring
squamous metaplasia has not been reported o
occur spontaneously in the rat prostate. Squa-
mous metaplasia is difficult to induce, but there
is a report of production of this change by estro-
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gen in the rat seminal vesicle and dorsolateral
prostate ducts, but not the ventral prostate or
coagulating gland (Ber and Levy 1952).

Other nonneoplastic lesions that have been
observed in the rat prostate include fibrosis,

edema, hemorrhage, epithelial degeneration,

epithelial vacuolization, mucoid metaplasia, and
cystic changes. Apoptosis is the mechanism of
cell death in the rat prostate under normal and
androgen-deprivation conditions (Kerrand Searle
1973; Stiens and Helpap 1981b). Increased oc-
currence of apoptotic bodies therefore indicates
an increased rate of programmed cell death.

Neoplastic Lesions

Naturally occurring neoplasms of the rat prostate
are rare. Most macroscopic changes that could
be indicative of tumors, such as diffuse or nodu-
lar enlargements, are likely to be inflammation
rather than neoplasia. Although some prostate
tumors are visible at necropsy, microscopic tu-
mors canalso occur. Adenomas are microscopic,
. whereas some tumors, mostly carcinomas, are so
large that it is difficult to determine from which
accessory sex gland they originate. Macroscopi-
cally detectable ventral prostate carcinomas have
. been described in aging ACI/SegHap rats as
hemorrhagic and pigmented nodular areas (Ward
et al. 1980). Tumors of the dorsolateral prostate
are typically located at the base of the seminal
vesicle-coagulating gland complexes, leaving
most of these free of tumor, unless the tumors are
very large (Bosland 1987a; Bosland et al. 1990).
Urinary obstruction, leading to hydronephrosis
and death, is a common feature. Dorsolateral
prostate carcinomas are firm and multinodular
tumors, sometimes with central necrosis orhem-
orrhagic areas.

Theincidence data summarized in Tables 1, 3,
5, and 6 indicate that neoplastic lesions of the rat
prostate are uncommon in F344, in Sprague-
Dawley, and particularly in Wistar rats. There is
one report on F344 rats indicating a 3.6% inci-
dence of adenomas of the ventral prostate (Reznik
et al. 1981), which is about 10- to 15-fold that
reported by others (Table 1; Solleveld et al.
1984; Goodman et al. 1979). However, if the
incidence of all types of proliferative lesions is
calculated, there are no differences between the
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study by Reznik et al. (1981) and the data from
21 recent NTP studies (6.8% and 6.2%, respec-
tively; Table 1). Thus, there were probably ma-
jor differences between these studies in criteria
used to distinguish between hyperplasia,
adenoma, and carcinoma, which emphasizes the
need for standardization of these criteria.
Adenomas and adenocarcinomas of the rat
prostate and precursor lesions thereof (atypical
hyperplasia) can be induced selectively in the
ventral lobe by a number of carcinogens
(Katayama et al. 1982; Pour 1983; Pour and

‘Stepan 1987; Shirai et al. 1986; Waalkes et al.

1988, 1989; see also Bosland 1987a, b, ¢). Induc-
tion of low incidences of dorsolateral prostate
adenocarcinomas and precursor lesions can be
achieved by chronic treatment with androgens or
androgen-estrogencombinations (Bosland 1989;
Hooveretal. 1990; Leavetal. 1988, 1989; Noble
1982; Pollard et al. 1982; Poliard and Luckert
1986; Pour and Stepan 1987; Shirai et al. 1991)
or by exposure to chemical carcinogens and
simultaneous hormonal stimulation of prostatic
cell proliferation (Bosland et al. 1983; Bosland
and Prinsen 1990; Pour and Stepan 1987; Shirai
et al. 1991). Combination of such carcinogen
treatment with chronic administration of andro-
gens leads to a high incidence of dorsolateral
prostate adenocarcinomas (Bosland 1989;
Hoover et al. 1990; Pollard and Luckert 1986;
Pour and Stepan 1987; Shirai et al. 1991).

Adenoma

Adenomas occur with variable, but low, inci-
dence in the ventral prostate of many if not all rat
strains (Bosland 1987b; Mitsumori and Elwell
1988). Adenomas are rare in the dorsolateral
prostate (Bosland 1987b). The morphology of
spontaneously occurring and chemically induced
adenomas of the ventral prostate has been de-
scribedindetail elsewhere (Bosland 1987b; Isaacs
1984; Reznik 1990; Reznik et al. 1981; Ward et -
al. 1980). Adenomas can occur multifocally at
any locationin the ventral prostate lobe, and they
have a characteristically cribriform growth pat-
tern with occasionally some comedo, solid, or

- microglandular-tubularareas(Fig. 6). Focal dys-

plasia and squamous metaplasia may be present,
particularly in larger adenomas (Reznik et al.
1981). Asindicated earlier, the process of devel-
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Fig. 6a, b. Adenoma, ventzal prostate. a Small adenoma that completely obliterates the acinar lumen; there is some

Maarten C. Bosland

capsule formation, but no more than minimal compression of surrounding tissue and no comedo growth pattern.
H&E, X 135. b Detail of large adenoma. There is a comedo growth pattern and moderate atypia; but hardly any
capsule formation and no obvious invasive growth; the lesion is in part sharply demarcated but also merges with

‘normal epithelium in some areas. H&E, X 135

opment of ventral prostate carcinomas is a con-
timuum, and therefore hyperplasia and adenomas
have sometimes been classified as carcinomas in
situ (Katayama et al. 1982). However, since
there is no evidence that all cases of hyperplasia
and all adenomas eventually would progress to
carcinoma, this term is best avoided. In contrast
to atypical hyperplasia, adenomas (almost) com-
pletely obliterate the lumen of one to several
adjacent alveoli by intra-alveolar epithelial pro-
liferations, distort normal alveolar architecture,
and compress surrounding tissue (Table 7). A
fine fibrous capsule can surround the lesion.
- Although there is sometimes outgrowth into
~ adjacent alveolar lumina or ducts, the lesions do
not exhibit clear invasive growth, which is a
conclusive criterion for separating adenomas
from carcinomas that do not metastasize (Table
7). Grading of prostate adenomas can be done
according to size.

A single case of cystadenoma of the ventral
prostate and a single case of adenoma of the
dorsolateral prostate have been described in the
literature (Bosland 1987b; Bosland and Prinsen

1990). Cribriform adenomas which are morpho-

logically similar to those in the ventral prostate
may also occur in the dorsolateral prostate, but

these have only been found in carcinogen-treated

rats (Bosland, unpublished data).

Adenocarcinoma

Adenocarcinoma of the rat male accessory sex
glands is rare as a spontaneous finding. Only
ventral prostate adenocarcinomas arc found in
some rat strains with some regularity. The mor-

phology of adenocarcinomas ofthe veniral pros-
tate has been described in detail elsewhere -

(Bosland 1987a; lIsaacs 1984; Reznik 1990;
Reznik et al. 1981; Ward et al. 1980). These
tumors are epithelial proliferations that vary in

st
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Fig, 7. Large cribriform adenocarcinoma, ventral pros-
tate. There is scvere distortion of normal architecture and

marked capsule formation, as well as some invasive -

‘growth into the capsule and mononuclear inflammatory
infiltrate. The lesion has a distinct comedo growth pat-
tern and necrotic areas. H&E, X 55

size from five alveoli to the entire ventral lobe,
often grossly distorting its architecture {Fig. 7).
A distinct fibrous capsule is often present sur-
rounding the tumor process and sharply demar-
cating it. Fibrous stromal septa dividing the
tumor into pseudolobules are a frequent feature.
There may be a mild mixed cell inflammatory
infiltrate. Invasive growth is generally limited to
invasion of surrounding alveoli and stroma, and
perineural invasion and metastases from ventral
prosiate carcinormas have not been reported
(Reznik et al. 1981; Ward et al. 1980), although
Tsaacs (1984) reported blood vessel infiltration.
Cribriform, comedo, and solid growth patterns
predominate, and there is a higher degree of
cellular atypia than in adenomas and atypical
hyperplasias (Ward et al. 1980). Although
invasive growth and metastases are conclusive
criteria for separating adenomas from carcino-
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mas, since most ventral prostate adenocarcinomas
are of low-grade malignancy, distinction be-
tween adenoma and carcinorma is often difficult
and somewhat arbitrary. Practical criteria for
this purpose are size and the presence of distinct
cellular and nuclear. pleomorphism, comedo
growth patterus, and central necrosis (Table 7).
Itis not conceivable that large tumors, involving
more than approximately ten alveoli, have not
invaded through alveolar walls, although there
may be nohistologic evidence forinvasive growih
other than fibroplasia.

Adenocarcinomas ofthe dorsolateral prostate
have beendescribed indetail elsewhere (Bosland
1987a; Bosland et al. 1990; Shirai et al. 1991).
These tumors have a glandular growth pattern
with an often abundant amount of stromal tissue.
Cribriformand comedo growth patterns have not
been reported. These carcinomas are always
invasive, infiltrating blood vessels and perineural
spaces and invading the glandular capsule and
surrounding tissues. A marked mixed cell in-
flammatory infiltrate is common in. these fu-
mors. At the time of death of the animal they
have generally invaded into several ‘accessory
sex gland structures, impeding determination of
the exact site of origin. These carcinomas dis~
play a considerable variation in degree of differ-
entiation. Anaplastic carcinomas are probably
an undifferentiated variety of adenocarcinoma.
Adenocarcinomas metastasize, primarily to the
regional Iymph nodes and lungs, but also to the
liver (Bosiand et al. 1983; Bosland and Prinsen
1990; Shirai et al. 1991), indicating that both
hematogenous and lymphatic dissemination can
occur. Skeletal metastases have not been de-
scribed. Although the histogenesis of these car-
cinomas has not been thoroughly studied, they
seem. to arise de novo rather than via a benign
stage (Bosland 1987a; Bosland et al. 1990; Shirai
etal. 1991),

Grading of prostate carcinomas can best be
accomplished on the basis of size and degree of
differentiation, whereas for staging purposes
metastatic and nonmetastatic carcinomas may
be distinguished. ‘

Squamous Cell Carcinoma

There is only one report of a squamous cell
carcinoma in the rat prostate (Mitsumori and
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Table 8. Incidence (%) of nonneoplastic lesions in the coagulating gland of 4- to 33-momh-old Wistar
(Cpb:WU) rats® .
Age (months)
4 13 : 25 33
No. of animals _ 49 50 71 : 44
Inflammation (n.0.s.) 2 0 0 0
Atrophy, diffuse 0 0 6 10
Hyperplasia
Atypical 0 0 1 0
Seminal vesicle-like 0 0 1 5

* M.C. Bosland (unpublished data). '

Elwell 1988); this neoplasm occurred in the
dorsolateral lobe. Squamous cell carcinomas have

" been induced in the ventral and dorsolateral

prostate by some chemical carcinogens (Pour
1983; Pour and Stepan 1987; Rivenson and
Silverman 1979). Keratinization may be present
in these tumors.

Coagulating Gland

There are very few reports about spontancous
Jesions of the rat coagulating gland. The coagu-
lating gland is often not required to be examined
in the routine practice of toxicologic pathology
(NTP 1984; OECD 1981; US EPA 1983; US

* FDA 1982). Thus, there is no information about.

the incidence of spontaneously occurring lesions
in this prostate lobe in agingrats, with the excep-
tion of some unpublished data on Cpb:WU rats
summarized in Table 8.

- Nonneoplastic Lesions

Inflammation

Inflammation is an infrequent lesion in the rat
coagulating gland (Table 8). The inflammation
is often diffuse rather than focal. It is frequently
associated with inflammatory changes in the
adjacent seminal vesicle, but thereis probablyno
" correlation with inflammatory lesions-in other
accessory sex glands (M.C. Bosland, unpub-
lished data).

“Atrophy :

Androgen deprivation-induced, diffuse atrophy
is an age-related change that occurs in the

Cpb:WU Wistar strain with low frequency in
rats of 2 years old and over. The amount of
secretion is greatly reduced, there is an apparent
loss of epithelial cells, and the amount of
fibromuscular stroma seems to be increased. The
size and weight of the gland are reduced. Diffuse
atrophy of the coagulating gland often occurs
bilaterally and in combination with atrophy of
the seminal vesicles, but there is probably no
association with atrophic changes in otheracces-
sory sex glands. A second form of atrophy con-
sists in a marked flattening of the epithelium
which usually occurs in combination with an”
increased amount of secretory material and dila-
tation of the glandular lumen. ’

Hyperplasia

Besides reactive hyperplasia, there are two types
of nonreactive hyperplastic changes of the rat

 coagulating gland. Reactive hyperplasia is al-

ways combined with inflammatory cellinfiltrate
and consists of asimple thickening of the epithe-
lium into two to six or more cell layers, and
sometimes pseudoglandular structures, at times
with some cellular atypia. '
Atypical hyperplasia of the coagulating gland
is rare. This lesion has not been reported to occur
spontaneously, but it can result from treatment

with carcinogens (Hoover et al. 1990; Shirai et

al. 1991). One such lesion was found in an
untreated, 95.month-old Wistar rat (Table 3;
M.C. Bosland, unpublished data). It usually oc-
curs in areas with increased glandular infolding,
and consists of cells that have lost normal polar-
ity, are slightly enlarged, and have a hypochro-
maticcytoplasm; thenucleiare usually hypobaso-
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Fig. 8a, b. Atypical hyperplasia, coagulating gland. a Proliferation of atypical cells growing in a microglandular
fashion. There is some normal epithelium at the upper right-hand corner. H&E, X 275. b Large area with atypical
hyperplasia with a cribriform growth patiern, This lesion is borderline between atypical hyperplasia and adenoma; -
there is no capsule or clear-cnt compression of surrounding tissue, but there is mild distortion of normal architecture.

H&E, X 135

philic, but occasionally hyperbasophilic (Fig. 8).
- The cells are often not piled up and follow the
lining of the glandular infolds, but cribriform
papillary hyperplasia not unlike that found in the
ventral prostate can also occur (M.C. Bosland,
unpublished data; Hoover et al. 1990).
Seminal vesicle-like hyperplasia is character-
ized by the replacement of the normal epithelium
of the coagulating gland by epithelial cells that
closely resemble or are indistinguishable from
seminal vesicle epithelium. The cells in this
lesion are thus cylindrical with somewhat elon-
gated, strongly basophilic, basal nuclei (Fig. 9).

The number of ceils per unit basement mem-

brane is distinctly increased in comparison with
normal epithelium, and the amount of glandular

infolding is usually also increased. Atypical

hyperplasia may occur in this lesion and may be
continuous with early-stage adenocarcinoma.

This lesion is age-related, but very uncommon,

at leastin Wistarrats {Table 8). It can cccurmore

frequently in rats treated with carcinogens and/
or hormones {Bosland, unpublished data).

Other Nonneoplastic Lesions

Focal squamous metapiasia, occasionally with
keratinization, can occur in the coagulating gland
of aging rats, often as areaction to inflarnmation.
Diffuse squamous metaplasia has not been re-
ported to occur spontaneously. Squamous meta-
plasia has been induced by estrogen in the rat
seminal vesicle and dorsolateral prostate ducts,
but not the ventral prostate or coagulating gland
(Ber and Levy 1952). However, the metaplasia-
inducing effect of estrogen may be dependent on
dose and strain of rat, because it can occur .
exclusively in the coagulating gland of Wistar
rats (M.C. Bosland, unpublished data), as de-
scribed for the mouse (Bern 1651).

Other nonneoplastic lesions that may occur in
the coagulating giand of aging rats include fibro- -
sis, edema, hemorrhage, epithelial degeneration,
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Fig. 9. Seminal vesicle-like hyperplasia, coagulating
gland (C). At the top, the lesion merges with normal
coagulating gland epithelinm. There is also a fragment of
normal scrminal vesicle (S). H&E, X 135

 epithelial vacuolation, mucoid metaplasia, and
glandular dilatation.

Neoplastic Lesions

Spontaneously occurring neoplasras of the co-
agulating gland in aging rats have not been
reportedinthe literature. Adenomas, adenocarci-
nomas, and squamous papiliomas have been
observed in rats treated with carcinogens and/or

hormones {(Bosland 19874, b; Bosland and Prin-

sen 1990; Shirai et al. 1991).

Adenoma

Induced adenomas of the coagulating gland are
cribriform lesions morphologically similar to
those occurring in the ventral prostate M.C.
Rosland, unpublished dala). These adenomas
are not seen grossly. Demarcation, compression
of surrounding tissue, disruption of normal glan-

dular architecture, and cellular atypia within the

Maarten C. Bosland
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Fig. 10. Atypical hyperplasia, seminal vesicle. This
sharply demarcated lesion has a moderale degree of
atypia. There is some normal epithelium at (he lowerleft-
hand corner. H&E, X 135 e

lesion can be used as criteria to distinguish
between adenoma and hyperplasia.

Adengcarcinoma

Induced adenocarcinomas of the coagulating
gland have a glandular growth pattern with an
abundant stromal tissue (M.C. Bosland, unpub-
lished data; Shirai et al. 1991), Cribriform and
comedo growth patterns, similar to those occur-
ring in the ventral prostate, can also occur in the
coagulating gland, but are extremely rare (M.C.
Bosland, unpublished data). The glandular pat-
tern tumors probably develop de novo and in-
vade the glandular capsule and surrounding
tissues, rather than the glandular lumen. When
they are larger and have invaded other accessory
sex gland structures at the time of deathitmay be
difficult or impossible to determine theexact site
of origin. These adenocarcinomas vary consid-
erably indegreeof di fferentiation from very well
differentiated to poorly or anaplastic, and they
can metastasize.
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Table 9. Incidence (%) of nonnecoplastic and neoplasuc lesions in the seminal vesicle of 25- to 26-month-old

F344 rats®
Reference
NTP Reports® Goodman® Charles River® Solleveld®

No. of animals 808 1754 938 2320
Inflammation (n.0.s.) . . 24024 0

Atrophy (n.o.s.) 11 (0-54) 1.7

Hyperplasia (n.0.s.) 0.8 (0-13) 0

Adenoma 0 0 0 0.04
Carcinosarcoma 0 0

o 0.04

* This table docs not include a study of 296 27- to 30-month-old F344/DuCyj rats that did not have any seminal vesicle neoplasms (Mackawa et al.
1983).
® Data for control F344/N rats from 2 1 NTP carcinogenicity studies (1989 Technical Report Nos. 345, 356-367, 369, 370; 1990 Technical Report Nos.
. 372-376, 378, 379); range is given in parentheses.

¢ Data on unspecified substrain reported by Goodman et al. (1979)

. ¢ Control tumor data for CDF (F344/Crl) rats from 13 studies (Charles River Laboratories 1990); range is given in parentheses.
* Control tumor data for F344/N rats (Solleveld et al. 1984); this study also included 529 F344/N rats kept for life, none of which (0.2%) developed
a seminal vesicle adenccarcinoma.

Table 10. Incidence (%) of nonneoplastic and neoplastic lesions in the seminal vesicle of 1.5- to 46-month-cld
Sprague-Dawley rats

Age period (months)
1.54.5 4.6-75 7.6-13.5 13.6-46 25
No. of animals 109* 1332 812 1222 869°
Inflammation (n.o.s.) 2 1 1 7
Atrophy (n.o.s.) 2 15 3 16
Hyperplasia (n.o.s.) 0 0. 0 2
Hypertrophy (n.0.s.) 0 0 0 3
(Adeno)carcinoma 0 0 0 0.8 0.5 (0-1.4)
Sarcoma(n.o.s.) 0 0 0 0.8 0

* Unpublished data for control Crl:CD(SD) rats from Merck, Sharp and Dohme Research Laboratories, West Point, PA, 1969-1988,
® Tumor data for control Crl:CD sats from 13 studies (Charles River Laboratories 1987); range is given in parentheses.

Squamous Papilloma

Squamous papillomas can occur in the ducts of

the coagulating gland, but even in carcinogen-

treated rats they are extremely rare. Some kera-
tinization may be present. Spontaneousorinduced
squamous cell carcinomas have never been re-
ported in the rat coagulating gland.

Seminal Vesicle

There is much less information on lesions of the
rat seminal vesicle than on those of the prostate.
Nevertheless, it is clear that spontaneous lesions

of the seminal vesicle are considerably less fre-
quent than those of the prostate. Spontaneous
incidencesof nonneoplastic and neoplastic semi-
nal vesicle lesions are summarized in Tables 9—
11 for F344, Sprague-Dawley, and Wistar rats.

Nonneoplastic Lesions

 Inflammation

Inflammationisinfrequentin the seminal vesicle
of the aging rat (Tables 9—11). As in the coagu-
lating gland, it is often diffuse rather than focal,
and frequently associated with inflammation in .



Fig. 11a, b. Combination of hyperplasia and cellular hypertrophy, seminal vesicle. a Large lesion that abruptly
merges with normal epithelium at the lower right-hand side. H&E, X 55. b Small lesion that abruptly merges with

normal epithelium at the bottom. H&E, X 135

the adjacent coagulating gland. It may occur
bilaterally. There is no established correlation

with inflammation in other accessory seX glands

(M.C. Bosland, unpublished data).
The low incidences of inflammatory lesions of
the seminal vesicle in F344 and Wistar rats

presented in Tables 9 and 11 are in good agree-

ment with those reported for F344 rats by Anver
et al. (1982) and those observed in the Cpb:WU
Wistar substrain (M.C. Bosland, unpublished
data).

Atrophy

There are two types of atrophy in the rat seminal
vesicle. Diffuse atrophy resulting from andro-
gen deprivation is characterized by a decreased
amount of secretory material, aloss of epithelial
cells, an apparent increase in fibromuscular
stroma, and a reduction in the size and weight of
the gland. This type of atrophy often occurs
bilateraily and in combination with atrophy of

the coagulating gland, but probably not in asso-.

ciation with atrophy of other accessory sex glands.
The second type of atrophy is a flattening of the
epithelium which occurs in combination with an
increased amount of secretory material and dila-
tation of the glandular lumen. '

The spontaneous incidence of atrophy of the
ceminal vesicle is not high in F344, Sprague-
Dawley, and Wistar rats, but in most studies it
increases somewhat with aging (Tables 9-11).
The low incidences for F344 rats in Table 9 are
in contrast with data from Anver et al, (1982)
indicating a 48%—67% incidence in 18- to 33-
month-old F344 rats. Tt is not clear what factors
are responsible for this variability among these
studies. Incidence data for the Cpb:WUrat (Table
12), on the other hand, are in good agreement
with those for another Wistar substrain pre-
sented in Table 11.

Hyperplasia
Besides reactive hyperplasia, there are basicaily
two types of nonreactive hyperplastic lesions of
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Table 11. Incidence (%) of nonneoplastic and neoplastic lesions in the semmal vesicle of 24- to 30- month-old

Wistar (Hoe:Wiskf/SPF71) rats®

Age pe'riod (months)
24-26 27-30
(10 studies) (12 studies)

 No. of animals 522 790

Inflammation (n.0.s.) 3 24y 3334

Atrophy/hyposecretion 5 (3-6) 13 (3-26)

Dilatation 3 (1-5) 0

Hyperplasia (n.0.s.) 0.4 (04 0

Carcinoma , 0 0.25

Carcinosarcoma v 0 0.13

*Data for control rats from Hoechst AG, Frankfurt, Gcrmany, 1982-1990.

® Range is given in parentheses.

Table 12. Incidence (%) of nonneoplastic and neoplastic lesions in the seminal vesicle of 4- to 33-month-old

. Wistar (Cpb:WU) rats?
Age (months)
4 13 25 33 25-33
No. of animals 49 . 50 71 33 3861°
Atrophy, diffuse ‘ 0 0 6 9
Hyperplasia + hypertrophy 0 0 3 2
Adenocarcinoma ' '

0.03¢

* M.C, Bosland, unpubhshed data for control Cpb:WU rats.

" ®Number of Cpb:WU rats for which tumor data w vere av ailable (TNO-CIVO Toxicology & Nutntxon Institute, Zeist, The Netherlands, 1976-1987).

© Originated from dorsolateral lobe.

the rat seminal vesicle. Reactive hyperplasia is
always combined with inflammatory cell infil-
trate and often consists of a thickening of the
epithelium with or without pseudoglandular struc-
tures. The hyperplastic cells are often slightly
atypical.

Anypical hyperplasia of the seminal vesicle
(Fig. 10) consists of pale cells that have lost
normal cellular polarity and display moderate
nuclear and cellular atypia and distinct pleomor-
phism (Bosland and Prinsen 1990). The cells are
disarranged and often piled-up in solid, micro-
gland, and/or cribriform patterns. Compression
of surrounding tissue can occur.

Another spontaneous focal lesion in the semi-
nal vesicle is a combination of cellular /iyper-
plasia and hypertrophy (Fig. 11), described in
detail elsewhere (Bosland 1987d; Bosland and
Prinsen 1990; Shirai etal. 1987). This lesion was

found in 2%-3% of 104 Cpb:WU rats of 25-33

 months of age (Table 12) (M.C. Bosland, unpub-

lished data). The cellular hypertrophy is often
more prominent than the hyperplasia, particu-
larly in small lesions. In contrast to atypical
hyperplasia, there is at most slight cellular atypia
but no pleomorphism, and the cells follow the
normal glandular contours. The lesion is well
demarcated, with abrupt transitions from normal
epithelium to the affected epithelium. Very large
lesions can compress surrounding epithelium.
This lesion sometimes contains arcas of atypical
hyperplasia but it has never been associated with
carcinoma (Bosland 1987d; Bosland and Prinsen
1990). A similar lesion has not been described in
the other accessory sex gland structures.

Both types of hyperplastic lesions can result
fror treatment with carcinogens (Bosland 1987d;
Bosland and Prinsen 1990; Shirai et al. 1987).
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The type of hyperplasia (or hypertrophy) in
Tables 9-11 was not determined, butitis evident
that hyperplastic lesions are rare in the seminal
. vesicle of aging rats. '

Other Namzeopldstic Lesions

Focal squamous metaplasia can occur in aging
rats as a reaction to the presence of inflammation
inthe seminal vesicle. Spontaneous, diffuse squa-
mous metaplasia has not been reported, but it
may be induced by estrogen in the rat seminal
vesicle (Ber and Levy 1952). Dilatation, as a
result of either apparent hypersecretion or ob-
struction of the seminal vesicle duct, is very rare
(Table 11). Other nonneoplastic lesions that can
occur are similar to those listed for the coagulat-
ing gland.

‘Neoplastic Lesions

Adennoma

There is one report that describes the morphol-
ogy of a spontaneous seminal vesicle adenoma
(Boorman et al. 1990). This lesion compressed
surrounding tissue. It consisted of epithelium
arranged in a papillary and glandular pattern.
There was some nuclear atypia and cellular
crowding, but the cells otherwise closely re-
sembled normal epithelium. Demarcation, com-
pression of surrounding tissue, disruption of
normal glandulararchitecture, and cellular atypia
within the lesion may serve as criteria to distin-
guishadenoma fromhyperplasia. Seminal vesicle
adenoma has been reported with a very low
incidence in F344 rats (Table 9) but not in other
strains. ' ~

Adenocarcinoma

Adenocarcinomas of the seminal vesicle usually
have a glandular growth pattern with an abun-
dant amount of stromal tissue (M.C. Bosland,
unpublished data; Bosland 1987d; Hooveret al.
1990; Shirai et al. 1991). The carcinomas invade
the glandular capsule and surrounding tissues,
but not the glandular lumen. Large carcinomas
of the seminal vesicle and coagulating gland
often cannot be distinguished. Seminal vesicle
adenocarcinomas vary considerably in degree of

differentiation. They can metastasize. The spon--

taneous incidence of these carcinomas is low to

Maarten C. Bosland

very low; they are somewhat more frequent in
Sprague-Dawley rats than in F344 or Wistar rats
(Tables 9-11). In the Cpb:WU Wistar substrain
they are less frequent (0.03%; n = 3861; M.C.
Bosland, unpublished data) than in the Hoe:
Wiskf/SPF71 rats (Table 11). Seminal vesicle
adenocarcinomas can be induced with carcin-
ogens and hormones (B osland and Prinsen 1990;
Hoover et al. 1990; Shirai et al. 1991).

Squamous Papilloma

Squamous papillomas can occur in the ducts of
the seminal vesicle of carcinogen-treated rats,
but are rare. Keratinization may be present. Spon-
taneous or induced squamous cell carcinomas
have never been reported in the rat seminal
vesicle.

Ampullary Gland

" Very little is known about spontaneous or in-

duced lesions in the rat ampullary gland. Chronic
inflammation and reactive hyperplasia are the

only lesions that probably occur with a signifi-

cant incidence. They probably result from sperm
reflux and can ultimately develop into sperm
granulomas (Bosland and Prinsen 1990; Mesfin
et al. 1989). Such reactive lesions occur in
Cpb:WU rats of all (adult) ages, and they are
more frequent (approx. 25%) in young adultrats
(4 months old) than in 1-to 2-year-old rats (5%-
15%; M.C. Bosland, unpublished data). Focal
sclerotic atrophy also occurs more ofteninyoung
than in old rats of this strain, and this lesion may
represent a late stage of the chronic inflamma-

 tory lesion. Acute inflammation is rare. Besides

reactive hyperplasia, arypical hyperplasia may
occur in the ampullary gland, but this lesion has
only beeh found in carcinogen-treated rats (Bos-
Jand MC, unpublished data). Such atypical hyper-
plasia of the ampullary gland consists in prolif-
eration of cells which are, in comparison with
normal epithelium, somewhat enlarged and have
a pale cytoplasm and nuclei. Some of ‘the
hyperplastic cells may be similar to normal am-

pullary epithelium. The epithelium is thickened

inas many as seven cell layers and intracpithelial
microglandular formations are frequent.
Spontaneously occurring neoplastic lesions of

the ampullary gland have not been described, nor
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have they ever been observed in carcinogen-
treated rats. :

Bulbourethral Gland

There are no reports of spontaneous or induced

nonneoplastic or neoplastic lesions of the rat

bulbourethral gland.

Mesenchymal Accessory Sex
Gland Tumors

A variety of spontaneous and chemically in-
duced mesenchymal tumors can occur in the rat
accessory sex glands: leiomyosarcoma, fibroma,
fibrosarcoma, paraganglioma, neurofibroma,
neurofibrosarcoma, histiocytic sarcoma, hiber-
noma, mesothelioma, undifferentiated sarcoma,

-and metastases such as from generalized lymph-
omas (M.C. Bosland, unpublished data; Bosland
and Prinsen 1990; Goodmanetal. 1980; Solleveld
et al. 1984). Their morphology does not differ
from similar tumors found elsewhere.

Urethra and Prostati_c Utricle

There are no reports of spontaneous or induced
nonneoplastic lesions of the rat urethra, There is
one report of a spontaneous transitional cell
carcinoma of the prostatic urethra in an aged
F344 rat (Mitsumori and Elwell 1938). Urethral
squamous papillomas and squamous cell carci-
nomas have been observedin carcinogen-treated
rats (M.C. Bosland, unpublished data; Pour and
Stepan 1987; Pour et al. 1979).

Penis and Prepuce

Nonneoplastic and neoplastic lesions of the pe-
nis and prepuce are very rare in rats. Kroes et al.
(1981)describeda 1.2% incidence of necrotizing
inflammation of the penis in 170 aged Wistar
SPFToxrats, butnosuch lesionsin 174 agedrats
of the closely related Cpb: WU Wistar substrain.
A rare squamous papilloma and squamous cell
carcinoma of the penis and a few keratoacan-
thomas and squamous cell carcinomas of the
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prepuce have been reported in aged F344 rats
(Mitsumori and Elwell 1988).
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INTRODUCTION

Spontaneously occurring proliferative lesions of the ac-
cessory sex glands of the male rat are infrequent, with the
exception of atypical hyperplasia of the ventral prostate
which has a variable incidence in many rar strains. Most
macroscopic changes that could be indicative of a tumor,

such as diffuse ornodular enlargements, are more likelyto

tepresent inflammation rather than proliferative lesions.
Accessory sex gland mmors may be microscopic or grossly
visible, sometimes they can be so large that it is difficult
to determine from which accessory sex gland they origi-
nate. The main accessory sex glands io the male rat have
intricate structural relationships and consist of the
multilobulated prostate (including the coagulating glands),
ampullary glands, and seminal vesicles (23). Other acces-
sory sex glands, such as the bulbourethral gland and
periurethral glands, are usually not examined routinely in
toxicity or carcinogeniciry studies und are not discussed
here. The preputial glands are not accessory sex glands in
a swrict sense; proliferative lesions in these glands arc
discussed elsewhere (19, 32).
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Detection of male accessory sex gland lesions is
subject to several sources of potential bias. First, tissue
sampling and processing may introduce inaccuracy and
variation. Second, the anatomical complexity of the ac-
cesgory sex glands discourages a uniform histopatholegi-
cal evaluation and may thereby introduce inter- and intra-
observer bias. To reduce both types of bias, anatomical
considerations and recommendations for standardizing
sampling methods and examination of the male rat acces-
sory sex glands are discussed first

ANATOMICAL CONSIDERATIONS AND
METHODS OF EXAMINATION

ANATOMICAL CONSIDERATIONS

The nomenclature presemed here is based upon that
of Tesik et al. (23) who have described in detail the anatomy
and histology of the male accessory sex glands of rats. The
rat prostate consists of four paired lobes (23, 27, 37): the
ventral, dorsal, lateral, and anterior lobes, which are of
urogenital sinus origin (37). The anterior prostate is com-
monly referred 10 as the coagulating gland and, unlike



the other prostate lobes, extends parallel along the paired

seminal vesicles, which are derived from the Wolffian .

duct (37, 46). The dorsal and latera} prostate lobes are often
referred to as.the dorsolareral prosrare because ir is
difficult and usually unnecessary to distinguish between
these lobes on a routine basis. The dorsal and lateral
- prostate lobes are morphologically similar (23, 27) and
often display a comparable spectrum of pathological
changes in the aging rat (749, 11), Nevertheless, it is pos-
sible to grossly and microscopically distinguish the lateral
from the dorsal prostate (23, 27). The venrral prostate is
anatomically distinct from the dorsolarteral prostate (23,27)
and shows a spectrum of lesions Lhat may differ from that
found in the dorsolateral prostate (7-9). The tissties thar
directly surround the prostatic urethra and prostaric utricle

are structurally very complex. They consist of the ducts of .

all four prostatc lobes and the seminal vesicles, as well as.
the deferent ducts and umpullary glands which are bm.h
derived from the Wolffian duct (47).

METHODS OF TISSUE SAMPLING AND
TRIMMING FOR HISTOLOGIC
EXAMINATION

Because of the extraordinary complexity of the male
accessory sex gland structures, knowledge of their ana-
tomical reIzmonslnps and incorporation of this informa-
tion intissuesampling and processing protocols is impera-
tive. Vigorous standardization of tissue sampling and
trimming methods will consistentdly provide the patholo-

gist with the same oricntation of the tissue and thersby

reduce inter- and intra-observer variability.

The accessory.sex glands (prostate Jobes, coagu-
lating glands, and seminal vesicles) are best removed
and fixed in 070, together with the urethra and urinary
bladder; the bladder can be removed for separate fixa-
tion, if required. This approach interferes with weighing
individual accessory sex glands. However, there is an
easy and accurate way to obtain a measure of accessory
sex gland weight. Following removal of these glands in
toto (priorto fixation), the urinary bladder and 111 bur the
intraprostatic part of the urethra are removed and con-
ncctive tissue is cleaned away, An aggregate accessory
sex gland weight can then be obtained. The ventral lobes
can be removed by blunt disscction for separate weigh-
ing without affecting the structural integrity of the re-
maining glands: however, this requires knowledge of the
anatomical relations and skillful disscciion, Removai of
the intraprostatic urethra, on the other hand, will inter-
fere with further histological examination of the dorsos
lateral prostate-ampullary gland complex. In addition, it
could causerconsiderable spillage of seminal vesicle
secretion. The latter problem also arises wher the semi-
nal vesicles and coagulating glands are dissected away
before fixation and leads to high variability in seminal

vesicle weights and histological appearance of the
tissues,

Correct tissue trimming is critical in the microscopic
eyaluation of rat accessory sex glands. One such trimming
method has been described previously (9, 11). Briefly, it
consists of rimming off the urinary bladder, veniral pros-
tates, and seminal vesicle/coagnlating gland complexes,
and curting the dorsolateral prostate complex in halves ata
right angle to the prostatic urethra, These dorsolateral

prostate lobe halves are both embedded and sections will

include dorsal and lateral progtate, ampullary glands, pro- -
static urethra, and prostatic utricle, as well as ducts of the
prostate labes, coagulating glands, and seminal vesicles;
the ventral lobesare separarely embedded. Altemarively, it
is possible to make sections in a para-sagittal plane includ-

ing dorsolateral lobes and sore of the ampullary glands,

and, in smaller rats, the ventral lobes; the periurethral
region cannot easily be viewed in this approach. It is often
neither necessary nor practical to distinguish between
ventral and dorsclateral prostate on a routine basis in-
toxicologic pathology. Nevertheless, it is important to
include both ventral and dorsolateral prostate in micro-
scopic examination of the male genital tract, regardless of
which tissue trimming method is uscd, so that the exactIobe
localization of lesions can be determined when required.
The coagulating glands and seminal vesicles are best exam-
ined rogether. A longitudinal section is prcferable to a
cross=section because there may be proximal-distal differ-
ences in the occurrence of proliferative lesions in these
glands. However, onc or Lwo cross sections may be suffi-
cient for routine examination. Vigorous standardization of
tissue trimming and embedding is more important than the
actual methods selected, as long as all prostate lobes
(neluding the coagulating gland) and the semninal vesicles
are included for cvaluation.

‘MORPHOLOGY

Therat prostate has four distinet paired lobes. Itis neither
practical nor necessary in routine loxicologic pathology to
discriminate between these lobes when recording prostate
lesions, with the exception of the coagularing gland, However,
when there appear to be treatment-related effects in a swdy, it
may be important to determine the exact Jobe localization of
lesions. The venral and dorsolateral prostate lobes are consid-
ered separately here because their spectrum of spontancous
and induced pathological changes differs. The coagulating
glandiseasily distinguishable from the other prostate lobes and
is usnally embedded together with the seminal vesicle. The
structure of this gland and its specrum of pathological changes
is distinetly different from that of the other prostate lobes.
Therefore, it is recommended that the coagulating gland be
considered a separate lissue for routine evaluation.



VENTRAL PROSTATE

Hyperplasia (Figures I-6)

There are basically three marphologically distinct
types of hyperplasia that may be found in the ventral

prostate of the rat—reactive hyperplasia and two types of .

non-reactive hyperplastic lesions (functional and arypi-
cal). Reactive hyperplasia (9, 11) occurs in association
with inflammatory cell infiltrate. It consists of a simple
thickening of the epithelium 1o two or more cell layers, but
- pseudoglandular structures can also be found. The hyper-
plastic cells may be slightly atypical but are mostly uni-
form. The occurrence of this lesion parallels that of pros-

* tatitis and is usually not separately recorded.
Physiologic orfunctional hyperplasia (9. 11y can be
focal, multifocal, or diffuse in the ventral prostate, and is
usually found at the periphery of the lobe. It is charactez-
ized by crowded 1all columnar epithelial cells and by
infolding of the lining epithelium into the alveolar lumen,
The cells are hyperbasophilic but are otherwise normal in
morphology. The amount of intra-alveolar secretion is
often decreased. In contrast to reactive or atypical hyper-
plasia, the epithelium is not multilayered, but the in-
creased infolding can be mistaken for cribriform growth.
Functional hyperplasia may be accompanied by diffuse
enlargement of the gland, but glandular enlargement is
most often the result of hypersecretion or obstruction of
the outflow of sccretum rather than hyperplasia. A mild
degree of functional hyperplasia is frequently present in

adult rats, but its presence is rarely recorded as a sponta-

neous finding. , : :
Pathologic or atypical hyperplasia (3. 11, 29, 38, 50)
is a focal, often multifocal, lesion that involves single or

sometimes two or three adjacent alveoli; prostatic ducts -

- are occasionally affected. It does not occur at a specific
localization within the lobe. The lesion consists of epithe-
tial proliferations that follow the alveolar lining and doaot
obliterate the alveolar lumen, although papillary forma-
tions can be found. The epithelium is two or more cells
layers thick and a cribriform pattern is common. Normal
alveolar architecture is not disturbed and there is no

- fibrous capsule formation or compression of surrounding
tissue: The affected alveoli have a normal amount of
secretion.

In comparison with normal epithclial cells, atypical

cells have lost their polarity, often have an increased

cytoplasmic/nuclear ratio, and may be somewhat en-
larged. The cytoplasmn is usually slightly cosinophilic to
hypochromatic and the nucleus is usually slightly hyper-
chromatic, sometimes with prominent nucleoli. Cellular
and nuclear pleomorphism is minimal and mitotic Agures
are infrequent. The -earliest change is a focal Joss of
cellular polarity and increase in cellularity, usually in an
. areawherethe epithelial cells are columnar and somewhat
hypereosinophilic. Abrupt changes from normal to atypi-

cal hyperplastic epithelium occur as well as more gradual
wansitions via increasingly tall columna.tepithqh;al cells.In
the latter case, the cells have hypereosinophilit cytoplasm
and basally-located hyperchromatic nuclei, and are some-
tmes arranged in two or three layers. Focal areas with
increased cellular atypia (dysplasia) and focal squamons
metaplasia can occur within areas of atypical hyperplasia.
Grading of atypical hyperplasia can be done on the basis of
a combination of the number of alveoli affécted and the
extent.of the lesions.

Squamous Metaplasia .

Pocal squamous metaplastic changes of the ventral
prostate are rare spontaneous lesions, but may be induced
by certain carcinogens (35. 36). These types of lesions
consist of multilayered squamous epithelium. Therc is
reduced or no secretion in affected alveoli. Keratinization
may be present bue is rare, Diffuse squamous metaplasia
has not been reported to occur spontaneously,

Adenoma (Figures 7-10)

Spontaneously occurring and chemically induced
adenomas of the ventral prosiate arc usually not grossly
visible. These ramors (8, 11, 29, 38, 50) are intra-alveolar
epithelial proliferarions that completely or almost com-
pletely fill the Jumen of one 1o scverul adjacent alveoli.
Distortion of normal alveolar urchitecture and compression

* of surrounding tissue are hallmark features, but they vary

widely in severity. A thin fibrous capsule can completely ot
purtly surround the lesion, particularly in the case of large
adenomas. There is sometimes extension along the epithe«
lial lining of adjacent zlveolar lumina or ducts, bul the
lesions are not clearly invasive. Adcnomas can occur
muldfocally atany location in the ventral prostate lobe. The
epithelial cclls in adenomas are characteristically arranged
in a cnbriform pauern, with some occasienal comedo
growth patterns and solid or microglandular-tubular areas.
The cells have completely lost their normal polatity and

. they are mostly polygonal, Basal cells are absent. The cclls

are oftcn enlarged and have an increased cytoplasmic/
nuclear ratio and their cytoplasm is eosinophilic in com-
parison with normal epithelium. Their nuclei are round to
aval, often slightly byperchromatic, mildly to moderately
pleomorphic, and usually enlarged. Focal arcas with in-
creased dysplasia and some squamous metaplasia may be
present, particnlarly in Jarger adenomas. A few mitotic
figures, sometimes in abnormal configurations, are com-
mon. There is usually no inflammation.

There is a single report of a cystadenoma of the
ventral prostate (8, 36). This tumor consists of a conglomer-
ate of cystic spaces that is sharply demarcated with a thin
fibrous capsule and compresses surrounding lissuc. There
are many infoldings and papillary projections into the
lumen of the cysts, The epithelial cells are flat 10 cuboidal

. and have hyperchromatic cyteplasm and nuclei. '



Adenocarcinoma (Figures 11 & 12)

Adenocarcinomas of the ventral prostate 7, 11,38, 50)
are epithelial prolifcrations thal vary in size from approxi-
mately five alveoli to the entire ventral labe, Large adeno-

"carcinomas often markedly distort the architecture and
gross shape of the veniral prostate. Hemorrhagic areas and
focal necrosis are common. Macroscopically detectable
adenocarcinomas have been described in aging ACY
segHapBR rats as hemorthagic and pigmented nodular
areas (49). Small adenocarcinomas may be grossly appar-
ent. Microscopically, a distinct fibrous capsule is often
present and sharply demarcates the tumor from adjacent
normal tissue. Fibrous stromal septa dividing the tumor
into pseudolobules are common. Invasive growth is gen-
erally limited to invasion of the tumor capsule and sur-
rounding alveoli and stroma, whereas perincural invasion,
blood vessel infiltration, and penetration of the prostaric
capsvle arc infrequent. Cribriform, comedo, and solid
growth patterns predominate, Cellular atypia is increased
in comparison with adenomas and atypical hyperplasias,
and it tends o increase further with increasing tumor size
(49). Poorly-differentiated epithelinm can be found in
solid areas (38). In comparison with normal venrral pros-

 tate epithelium, the cells are often clearly pleomotphic

and enlarged, and have a higher cytoplasmic/nuclear ratio,
hyperchromatic and eosinaphilic cytoplasm, and larger
nuclei with prominent and sometimes muitiple nucleoli.
There are ofien some mitotic figures and a mixed cell
inflammatory infiltrate is frequently present. Metastases
from adenocarcinomas of the ventral prostate have not
been reported (38, 50).

Squamous Cell Carcinoma

Squamous cell carcinomas of the ventral prostate

induced by some chemical carcinogens have been de-

- scribed in the Iiterature (35, 36, 39), These lesions consist of

epidermaid cells invading surrounding tissue. Blood ves-

sel pencrration and metastases give additional indication
of malignancy. Keratinization is sometimes present.

DORSOLATERAL PROSTATE
Hyperplasia (Figure 13)

As with the ventral prostate, three morphologically

distinct types of hyperplasia may be found in the dorsolat-
eral prostate-—reactive, functional, and atypical hyperpla-
sia. Reactive hyperplasia (9, 11) is always combined with
inflammatory cell infiltrate and consists of a simple thick-
ening of the epithelium to two or more cell laycrs, Some-
times pseudoglandular structures are present which may
have some cellular atypia. Reactive hyperplasia is usually
not recorded separately from prostatitis.

Physiologic or functional hyperplasia 9, 11)canbe

found focally or multifocally at the periphery of the Tobe.

Ttis diffieult to detect due to the vari ability inthe morphol-

ogy of the notmal dorsolateral prostare. As in the ventral
lobe, it is characicrized by crowded, slightly hyperbaso-
philic, but otherwise normul, epithelial cells that are
cuboidal to columnar. It is also characterized by increased

 infolding of the lining epithelium inta the alveolar lumen.

The amount of intra-alveolar secretion is usually de-
creased, and the increased infolding can be mistaken for
cribriform growth. A mild degree of functional hyperpla- -
sia j5 occasionally present in adult rass, but its presence is
rarely recorded as a spontaneous finding.

Pathologic or atypical hyperplasia of the dorsolat-

cral prostate is very rare. There is considerable variation

inthe appearance of these lesions (9, 11, 25,26.31,43,44). The
lesion may vary from intra-al veolar microgland formation
with arypical cells arranged in a singlc layer to multilay-
ered areas consisting of disorderly piled-up, enlarged,
hypochromatic cells with large pale nuclei, sometimes
witha cribriform growth pattern, Atypical hyperplasia can
occur in the alveoli as well as in the ducts. It is difficulr if
not impossible to distinguish between atypical hyperpla-
sia with a distinct inflTammatory component and reactive

. hyperplasia, which occurs freguently in the dorsolateral

prostate. Atypical hyperplasia may sometimes show con-
Tinuous morphological pragression into early stage adeno-
carcinomas. (11, 43, 44), :

Squamous Metaplasia (Figure 14) _

Focal meraplastic changes of the prostate, occasion-
ally with some keratinization, occur in aging fats often as
arcaction to either the presence of large coneretions in the
dorsolateral prostate ducts or inflammatory processes (11),
Diffusely occurring squamous metaplasia has not been
reported 1o occur spontaneously in the rat dorsolateral
prostate. There s a report of induction of diffuse squa~
mous metaplasia by estrogen in rat dorsolateral prastate
ducts (4). ’ '

Seminal Vesicle-Like Metaplasia

Seminal vesicle-like metaplasia (11) is a change that
is characterized by the replacement of the pormal epithe-
lium of the dorsolateral prostate by epithelial cells that
closely resemble seminal vesicle epithelium. The cells in
this lesion are columnar with somewhat elongated, strongly
basophilic, basal nuclei. There is a distinct increase in the
number of cells per unit length of basement membrane as
compared with normal epithelium, and there often is an
increase in the number of glandular infoldings. Areas of
atypical hyperplasia may also occur in this lesion.

Adenoma (Figure 15)

_ Thereis’a single report of an adenoma of the dorse-
lateral prostate (8). It is described as a microglandular-
wbular proliferation that docs not invade surrounding
ussucs. It has a pronounced fibrous capsule, abnormal
alveolar architecrure, and slightly compressed surround-



ing prostatic ussue. The microglands are lined with one to
three laycrs of cells, which are columnar and have
hypochromatic, basophilic cytoplasm and hypochromatic,
enlarged nuclei with sometimes conspicuous nucleoli,
There are no basal cells. Cribriform adenomas. which are
morphologically similar to those in the ventral prostate,
may also oceur in the dorsolateral prostate of carcinogen-
treated rats, but these are very rare (11).

Adenocarcinoma (Figures 16 - 19)

Adenocarcinomas of the dorsolateral prostate have

a glandular growth pattern with an ofien abundant amount
of stromal tissue (7, 11, 29, 36, 43). Cribriform and comedo
growth pauwems are very rare (il) and have not been
reported in the literature. The glandular-type carcinornas
display a considerable variaton in degree of differentia-
tion, both from mmor to rumor and within a single carei-
“noma. Well-differentiated carcinomas are composcd of
small glandularand sometimes tubularstructures, consist-
ing of a single or occasionally double layer of neoplastic
cpithelial cells, Less differentiated mumors have sheets,
solid fields, and often cords of neoplastic cells cmbedded
in connective tissue stroma. There are no basal cells. The
neoplastic cells vary in size, cytoplasmic/nuclear ratio,

and staining properties of cytoplasm and nuclei. There are.

often prominent nucleoli and a moderate number of mi-
totic figures. Signs of secretory activity can be found in
well-differentiated carcinomas. A mixed cell 10 predomi-
nantly polymorphonuclearinflammatory infiltrate is com-
mon in these tumors, and some central necrosis may be
present, These carcinomas are invasive, infiltrating blood
vessels and perineural gpaces and invading into adjacent
-normal proslate, prostatic capsule, and surrounding tis-
sues. They have often invaded into several accessory sex
gland structures, impeding determinaiion of the exact site
of origin, Adenocarcinomas often metastasize, primarily
1o the regional lymph nades and lungs, but also to the liver
and other tissues (15, 16,44), indicating that both hematogenic
and Jymphogenic dissemination can occur. Skeletal me-
tastases have not been described. The histogenesis of

. bese carcinomas has riot been described in detail, but they
arise de noyo from atypical hyperplasias rather than via an
adenorma stage (7, 11, 43, 44),

Squamous Cell Carcinomia

There is one report of a spontaneous squamous cell

carcinoma in the rat dorsolateral prostate (29). This type of
carcinoma can be induced by some chemical carcinogens
or hormonal treatments (21, 35, 36, 39), These lesions are
characterized by epidermoid cells invading surrounding
tissue. Blood vessel penetration and merastases give addi-
tonal indication of malignancy. Keratinization is some-
imes present,

COAGULATING GLAND

Hyperplasia (Figure 20) .
Two ypes of hyperplasia have been described in the
coagulating gland of male rats—reactive hyperplasia and
atypical hyperplasia Reactive hyperplasia (11)is always
combined with inflanunatory cell infilteate and consists of
a simple thickening of the cpithelium to twg or mor3 cell
layers. Sometimes pseudoglandular structires are present
which may have some cellular atypia. It is usually not
recorded as a separate lesion from inflammation.
Pathologic or atypical hyperplasia (11, 21) of the
coagulating gland is rare. It occurs in areas with increased
glandular infolding and consists of cells that have lost
normal polarity, arc slighdy enlarged, and have a
hypochromatic cytoplasm. The nuclei are usually
hypobasophilic but occasionally are hyperbasophilic. The
cells are usually not piled-up and follow the lining of the
glandular infoldings, but cribriform papillary hyperplasia
can alsa occur (11). Atypical hyperplasia may sometimes
show continuous morphological progression into early
stage adenocarcinomas. (11, 43, 44).

i
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Squamous Metaplasia (Figure 21)

Focal squamous métaplasia, occasionally with kera~
tinization, can occurin the coagulating gland of aging rats.
Usually, it occurs in reaction to inflammation.: Diffuse
squamovus metaplasia of the coagulating gland has not
been reported to occur spontaneously but has been in-
duced by perinatal esirogen treatment (1, 2) and estrogen
administration to adult rats (12), similar to what has been
described for mice (3). -

Seminal Vesicle-Like Metaplasia (Figure 22)

Seminal vesicle-like metaplasia (1 1) is characterized
by the replacement of the normal epithelium of the coagu-
lating gland by epithelial cells that closely resemble or are
indistinguishable from seminal vesicle epithelium. The
cells in this lesion are cylindrical with somewhat elon-
gated, strongly basophilic, basal nuclei. The number of
cells per unit basement membrane is distinctly increased
in comparison with normal epithelium, and the amount of
glandular infolding is uswally also increased. Atypical
hyperplasia may occur within this leston.

Adenoma (Figure 23)

Induced adenomas of the coagulating gland are
cribriform lesions which are morphologically similar to
lhose occurring in the ventral prostate (11). These ad-
enomas are not grossly visible. Demarcation, compres-
sion of surrounding tissue, disruption of normat glandular
architecture, and cellular atypia within the lesion can be

" used as criteria to distinguish between adenoma and

hyperplasia, Spontaneous adenomas of the coagulating
gland have not been reported in the literature.



Adenocarcinoma (Figures 24-26)

Induced adcnocarcinomas of the coagulating gland
have a glandular growth pattern with often abundant
scirrhous stromal tissue and desmoplasia. These tamors
are morphologically similar to those found in the dorsolat-
eral prostate (11,21, 43, 44), Cribriform and comedo growth
patterns, similar to those occurring in the ventral prostate,
can also occur in the coagulating gland, bur are exremely
rare (11). Spontaneous coagularing gland adenocarcino-
mas have not been reported in the literature.

Glandular pattetn tumots probably develop de novo
from areas of atypical hyperplasia rather than from ad-
enomas (11, 21, 43, 44). They invade into the coagulating
gland capsule and surrounding tissues rather than into the
glandular lumen. These adenocarcinomas vary consider-
ably in degree of differentiation from well-differentiated

. o poorly-differentiated or anaplastic, and they can metas-
tasize. They may develop from the glandular portion of the
coagulating gland as well as from its ducts. When these
tamors are Jarger and have invaded into other accessory
sex gland sunctures, it may be difficult or impossible to
determine the exact site of origin. :

Squamous Papilloma

Squamous papillomas can occur in the ducts of the
coagulahng gland but are extremely rare, even in carcino-
gen-treated rats (11). These lesions consist of hyperplastie,
keratinizing squamous cpithelium arranged on stalks pro~
truding into the lumen of the ducts. The ducts are often
distended due to the presence of the pap;]loma and abun-
- dant keratin production,

SEMINAL VESICLE

Hyperplasia (Figures 27 & 28)

Two types of hyperplasia may be found in the
seminal vesicle of the rat—reactive hyperplasia and atypi-
cal hyperplasia. Reactive hyperplasia is always com-
bined with inflammatory cell infilteate and often consists
of a thickening of the epithelium with or without
pseudoglandnlar stuctures. The hyperplastic cells are
olten slightly atypical, It is usuaﬂy not recorded separate
from vesiculis,

Atypical hyperplasia of the semmal vesicle con- |

sists of pale cglls that have lost normal cellular polarity
and display moderate nuclear and cellular arypia with
considerable variation in size and shape of the cells (10, 15,
18,40, 41). The cells are disorderly arranged and are often
piled-up in solid, microgland, and/or cribriform parterns.
Atypical hyperplasia may sometimes show continuous
morphologieal progression into early stage adenocarcino-
mas. (11, 43744),

A variation of this focal lesion is 2 combination of
hyperplasia and cellular hyperwophy, where the hyper-

wophy is more prominent than the hyperplasia, particularly
in small lesions. In this variation, thereis only slight cellular
atypia and no pleomorphism, and the cells follow the
normal glandular contours. The lesion is well-demarcated
with abrupt transitions from normal to affected epithelinm.
It sometimes contains areas with increased eellular atypia
butithasnot been found to be associated with carcinoma (10,
11, 40, 41).

Squamous Metaplasia

Squamous metaplasia may be focal or diffuse. It
consists of multilayered squarnous epithelium, and there is
reduced or no secrction in affected alveoli. Keratinization
may be presene, but {s rare. If the lesion is focal, it is often
associated with Iarge inwra-alveolar or intraductal concre-
tions or inflammation. Focal squamous mctaplasia can
oceur as a reaction to the presence of inflammation in the
seminal vesicle. Spontaneous diffuse squamous metaplasia
has not been reported, but it may be induced by estrogen in
the rat seminal vesicle (@),

Adenoma

There is one report that describes the morphology of
a spontaneous seminal vesicle adenoma (6, 46). This lesion
consists of epitheliom arranged in 2 papillary and glandular
pattern that compresses surrounding tissue. There is some
nuclear atypiaand cellular crowding, but the cells otherwise

* closely resemble normal epithelium. Demarcation, com-

pression of surrounding tssue, distuption of normal glan-
dular architecture, and cellular atypia within the lesion may

. serve as criteria to distingnish adenoma from hyperplasia,

" Adenocarcinoma (Figures 29 & 30)

Adenocarcinomas of the seminal vesicle usually have
a glandolar growth paitern with an abundant amount of
desmoplasia of scirrhous swomal tissue. These carcinomas

have a morphology similar to that found in the dorsolateral -

prostate, and vary considerably in degree of diffcrentiation
(10, 11, 18, 21, 43, 44). Adenocarcinomas invade into the
glandular capsule and surrounding tissues but not into the
glandular Iumen, and they can metastasize. These tumors
are more likely to develop from the glandular portion of the
gland than from its ducts. When these tumors are Jarger and
have invaded into other accessory sex gland structures, it
may be difficult or impossible o determine the exact sitc of

_origin,

Squamous Papilloma

Squamous papillomas can occur in the ducts of the
seminal vesicle of carcinogen-treated rats but are rare (11).
These lesions consist of hyperplastic, keralinizing squa-
mous epithelium arranged on stalks protruding into the
lumen of the ducts. The ducts are often distended due to the
presence of the papilloma and abundant kerartin
production.



AMPULLARY GLAND :

Litle is known about spontaneous or induced le-
sionsin the rat ampullary gland. Spontancously occurring
neoplastic lesions of the ampuilary gland have not been
described, nor have they been observed in carcinogen-
treated rats (11).

Hyperplasia (Figures 31 & 32)

Two types of hyperplasia have been described in the
ampullary gland of male rats--reactive hyperplasia and
atypical hyperplasia. Reactive hyperplasia associated
with chronic inflammation probably results from sperm
reflux and can ultimately develop into sperm granulomas
(11, 15, 28). Atypical hyperplasia may also occur in the
ampullary gland, but this lesion has only been found in

carcinogen~trealed rats (11). Such atypical hyperplasia of .

the ampullary gland consists of proliferation of small
cells. Some of these cells may be similar to normal
ampullary epithelium but some cellular atypia is always
present. These cells arc enlarged and have a pale cyto-
plasm and nuclei. The epithelium is thickencd 1o up 1o
seven cell layers and intra-epithelial microglandular for-

‘mations are frequent in severe cases. :

MESENCHYMAL ACCESSORY SEX GLAND
TUMORS

A variety of spontaneous and chemically induced

- mesenchymal rumors can occur in the rat accessory sex

glands: leiomyosarcoma, fibroma, fibrosarcoma, paragan-
glioma, neurofibroma, neurofibrosarcoma, histiocytic sar-
coma, malignant fibrous histiocytoma, hibernoma, me-
sothelioma, undifferentiated sarcoma, and metastases such
as from generalized lymphomas (11, 15, 20. 29, 45). Their
morphology does not differ from similar tumors found in
other organs.

DISCUSSION

Spontaneous proliferative lesions of most malc ac-
cessory sex glands occur in low frequency in aging rats
(11). The only gland that shows a significant and. in some
ratstrains, considerable incidence of proliferative changes
is the ventral prostate lobe (11, 22, 38, 50). Little doubt has
been expressed that adenoma of the ventral prostate devel-
ops from atypical hyperplasia and that carcinoma devel-
ops from adenoma (11, 38, 50). While itis relatively easy 1o
make 3 distinction between hyperplasia, adcnoma, and
carcinoma in most accessory sex glands, such distinction
is difficult in the ventral prostate. All stages, from very
early hyperplasia to adenoma or invasive carcinoma, have

been observed in aged rats without a clear separation’

between these lesions (11, 38, 50). This suggests that the
development of carcinomas in the ventral prostare is 3

conunuum without discrete sieps. Nevertheless, with in-
creasing size of the proliferative lesions, digre is an in-
creasce in the occurrence of focal dysplastic dreas and of
comedo and solid growth patterus, while cellular atypia

. increases shightly (11, 38, 50).

- Distinction between atypical hyperplasia, adenoma,
and carcinoma in the ventral prostate is thus to some extent

+ arbitrary, particularly in borderline casgs. Hyperplasia of

the ventral prostate has therefore sometirhes been classi-
fied as early carcinoma in siry, and adenoma as advanced
carcinOma in situ or early carcinoma (24, 40). These small
lesions may have all the morphological characteristics of
carcinoma except clear invasive growth, which might
justify classifying them as early carcinoma. This may be
appropriate in a basic research setting, but for the proper
interpretation of long-lcrm toxicolagic studies it is essen-
tial to distinguish between atypical hyperplasia, benign
tumors, and malignant tumors. Furthermore, there is no
evidence that all atypical hyperplasias will evenmally
progress o larger and expansile tumors (adenoma) , or that
all adenomas will ultimarely progress to more bulky and
invasive neoplasms (carcinoma), or that these lesions
cven have the capability to do so, Therefore, it is proposed
1o apply a distinction between hyperplasia, adenoma, and
carcinoma using standard morphological criteria that ure
used for other organs in radent species until there is more
insight into the biologic behavior of these proliferative
lesions (5). ' ' .
The proposed practical approach to distinguish ad- -
enoma from atypical hyperplasia and adenoma from car-
cinoma in the rat ventral prosiate is presented in Table 1.
A combination of several criteria listed in this table should
be used to make these distinetions. It is recommended that
the term adenoma be reserved for proliferadons that
completely obliterate the lJumen of one or more alveoli,
compress surrounding tissue, and disturb normal alveolar
architectre. Capsule formation and the presence of comedo
growth patterns provide furtherindications for the diagno-
sis of neoplasia. Invasive growth and metasiases are
conclusive crileria for separating adenomas from carcino-
mas. However, since most veniral prostate adenocarcing-
mas are of low grade malignancy, size may be an addi-
tional criterion, It is likely that large tumors involving
more than ten alveoli have invaded through alveolar walls,
although there may beno clear-cut histologic evidence for

.invasive growth other than fibroplasia. In addition, dis-

tinct cellular and nuclear pleomorphism and comedo
growth patterns should also be present for the diagnosis of
carcinoma.

Discrete precursor lesions of carcinomas of the
dorsolateral prostate, coagulating gland, and seminal
vegicle arc not well defined because atypical hyperplasia
in these structures is not as well dclincated as is atypical
hyperplasia of the ventral prostate. Current evidence indi-
cates that adenocarcinomas in these strmetures develop



de novo and do not involve a benign (adenoma) stage.
Carcinomas have been observed to develop eacly from
small areas of atypical hyperplasia in all these glands (11,
12, 43, 44). Although classification as carcinoma in situ (6,
17)is perhaps suitable for some intra-epithelial hyperplas-
tic lesions with a high degree of atypia and pleomorphism,
the use of this term is not recommended because it leads
1o confusion about the distinction between hyperplasia
and neoplasia.

The localization and the site of origin of prostatic
carcinomas is usually easy to determine for tumors of the
ventral prostate. However, the site of origin of carcinomas
in the dorsolateral prostate is often unclear, Tumors in this
region can potentially arise from any of the following
epithelial structures: dorsolateral prostate, ampullary gland,
seminal vesicle, coagulating gland, the duets of these
glands and of the ventral prostate, prostatic utricle, ure-
thra, and periurethral glands. Far practical purposes, only
tumors that are clearly located in a specific gland should
be classified as prostatic, coagulating gland, or seminal
vesicle tumors, Tumors that arc larger and whose site of
origin and localization is not clear could be classified as
accessory sex gland tumors or as seminal vesicle/coagu-
lating gland tumors if they only involve these glands. Very
large tumors that involve other pelvic structures as well as
the accessory sex glands could be classified as pelvm
(cavity) tumars or accessory sex gland tnmors.

Observer bias probably plays an iroportant role in
the detecton of small proliferative lesions in the rat
prostate and may lead to under diagnosis due to missed
lesions from improper trimming, Correct tissue trimming

_and processing methods are critical in the microscopic

evaluation of rat accessory sex glands. Regardless of the

- tissue trimming method used, it is irportant to include

both the ventral and dersolateral prostate in microscopic
examination of the male genital tract of rars. This allows
for the determination of the exact lobe localization of

. proliferative lesions when trearment.related effects are

suspected.
Information about the spontaneous occurrence of
proliferative lesions of the rat male accessory sex glands

- and about possible etiology and experimental induction of

these lesions can be found elsewhere (7. 11. 13, 39). The
incidence of spontaneous proliferative lesions of the ven-
tral prostate yaries widely among rat strains (7-9, 11, 22. 29,
38, 50). This may pointto genetic factors being invalved in
their;etiology*(13). There may be genetically controlled
differences berween strains in susceptibility to background
levels of environmental carcinogens, but there are also
data suggesting thal genetically determined high plasma
tcstosterone [evels or high testosterone/cstrogen ratios are
telated to high risk (22). Spontanequs proliferative lesions
of the dorsflateral prostate, coagulating gland, scminal
vesicle, and ampullary gland are rare (11). However, the
followinglesions can beinduced by harmenes, (1,25, 26,30,

31,34)chemical carcinogens, and combined treatment with
these types of compounds (4, 14-18, 21, 33, 36, 40-44, 46):
physiological/functional hyperplasia of ventral and dor-

solareral prostate; seminal vesicle-like metaplasia of the '

coagulating gland and dorsolateral prostate; squamous
metaplasia, atypical hyperplasia, adenoma, and carci-
noma of all glands; squamous papilloma of the coagular-
ing gland and seminal vesicle; and squamous cell carci-
noma of the ventral and dorsolateral prostate (7-9, 11-13,
48). The rate of occurrence of these lesions depends in part
on the rate of epithelial cell proliferation during carcino-
gen exposure and on the levels of circulating androgens
(14, 15, 33, 36, 43).

RECOMMENDED NOMENCLATURE
AND DIAGNOSTIC CRITERIA

HYPERPLASIA

Reactive Hyperplasia
Occurs in all accessory sex glands
1. Occursinassociation withinflammarory cell mﬁltmre
2. Simple thickening of the epithelium to two or more
cell layers o
3. Pseudoglandular structures may be present
4, May bave some cellular atypia
5. Usually not recorded separaiely from inflammation

Funcrional Hyperplasia
QOccurs in ventral and dorsolateral prostate
1. Focal, multifocal, or diffuse, usvally located in
periphery of the gland
2. Increased infolding in alveolar lumen
3. Epithelial cell height is increased and cytoplasm is
hyperbasophilic, but cells are otherwise normal
4, Epithelium is not multilayered
5. Amountofintra-alveolar secretumis often decreased

Agypical Hyperplasia
Occurs in all accessory sex glands
1. Is characteristically a focal or multifocal lesion
pceurring in single or 2-3 adjacent alveoli
2. Does not disturb normal glandular architecture and
- does not compress surrounding tssue
3. Atypical cells follow alveolar lining in one or more

growth patterns (see 7) and they do not obliterate -

alveolar lumen, but papillary growth accurs

4. Atypical cells may merge abruptly with normal
epithelivm or merge gradually without clear
demarcation

5. Cells characieristically have lost normal cellular
polarity, are often enlarged, and have a pale (orin the
case of the ventral prostate, pale to eosinophilic)
cytoplasm and often hyperchromatic nuclei



6. Mitotic index is very low
7. Cells in the lesion are disorderly arranged; their
growth patem differs for the different accessory
sex glands:
« ventral prostate: multilayered, often cribriform
patiern .
» dorsolateral prostate: multilayered to intra-cpithelial
microgland pattern
* coagulating gland: cells are not piled-up butfollow
normal alveolar contours, or in cribriform pattern
(rare)
* seminal vesicle: multilayered, solid ficld, intra-
epithelial microgland, and/or cribriform pattem;
alternarvely, cells arc enlarged and pale with

minimal atypia, arc not piled-up but follow normal

glandular contours, and arc sharply demarcated
from normal tissue

* ampullary gland: multilayered, intra-epithelial
microgland, and/or cribriform partecn

SQUAMOUS METAPLASIA

Occurs in all aceessory sex glands except the ampullary
gland
1. Focal or diffuse
2. Consists of multilayered squamous epxthehum
3. There may be keratinization (rare)
4. There is less than normal or no secrcuon left in
affected alveoli
5. Iffocal, often associated with large intea-alveolar or
intraductal concretions ar inflammarion

SEMINAL VESICLE-LIKE METAPLASIA
Occurs in coagnlating gland and dorsolateml prostate -
- 1. Focal lesion
2. Increased number of glandularinfoldings lined with
a-single layer of crowding cells
3. Cells characteristically resemble seminal vesicle
epithelium and are high cylindrical with basally
located, oval to elongated muclei and basophilic
Cytoplasm
4. Affected epithelium abruptly merges with normal
cpithelium
5. No compression of hurroundmg tissue

ADENOMA
Occurs in all accessory sex glands except the ampullary
gland

1. Well-demarcated lesion that completely oblitcrates

the lumen of one to several (<10) alveoli, compresses
surrounding tissue, and distorts normal alveolar
architecture .

2. May have a fibrous capsule and fibrous septa

3. Cells that have lost normal polarity are disorderly.

arranged in one of the following growth parterns:
* cribriform pattern With occasional comedo pattern
(ventral prostate, occasionally dersolateral prostate

and coagulating gland)
* microglandular pattern (dorsolau.mls‘prostate)
» cystadenoma pattern (ventral prostate, rare)

4. Thecells in cribriform areas are mildly pleomorphic,
are enlarged with eosinophilic cytoplasm, and have
round to oval, hyperchromatic nuclei; mitotic index
islow

5. The cells in microglandular areas .are mod2rately
plcomorphic, are flat 1o cuboidal, ‘and have pale
cytoplasm and enlarged nuclei

6. Basal cells are absent

ADENOCARCINOMA
Occurs in all acccsxory sex glands except the ampullary
gland
1. Local invasion, penetradon of glandular capsule,
fibroplasia, and metastasis indicate malignancy
2. The growth patterniseither predominandy cribriform
or glandular
3. Crbriform adenocarcinomas (ventral prostate and,
rarely, coagulating gland):

* May lack clear invasive growth and metastases;
size (> 10alveoli) in combination with the presence
of comedo patterns and marked cellular and nuciear
pleomorplusm can be used as additional diagnostic
criteria

» Have a distinct fibrous capsule with fibroplasia,
some mononuclear inflammatory cell infiltrate,
and a variable mitoti¢c index 4

5. Glandular 1ype adenocarcinomas (dorsolateral
prostate, coagulating gland, and seminal vesicle):

* Have variable, sometimes marked, amount of
scirthous stroma and often show fibroplasia

» Vary in degree of differentiation from forming
well-differentiated glands with low mitotic index
1o strands and sheets of poorly-differentiated cells

. with moderate mitotic acovity

6. Basal cells are absent

SQUAMOUS PAPILLOMA
Qccurs in ducts of coagulating gland and seminal vesicle
1. Consists of hyperplastic, keratinizing squamous
epithelium arranged on stalks prottuding in lumen of
duct
2. Duet often disiended due 1o presence of papilloma
and abundant keratin production

SQUAMOUS CELL CARCINOMA
Occurs in ventral and dorsolateral prostate
1. Consists of epidermoid cells invading surroundmg
tissue _
2. Blood vessel penetration and metastases give
additional indication for malignancy
3. Keratinization may be present
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MESENCHYMAL TUMORS
The morphology of the following tumors is similar to that
found in other organs:
Fibroma
Hibernoma
Histiocytc sarcoma
Fibrosarcoma
Leiomyosarcoma
Mesothelioma
Metastases of lymphoma/leukemia
Neurofibroma
. Neurofibrosarcoma
Paraganglioma
Undiftferentiated sarcoma
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Table 1
Morphologic Criteria to Distinguish Atypical Hyperplasia, Adenoma, and Adenocarcinoma
of the Ventral Prostate in Male Rats#* '

Morphologic Feature Atypical premlas_ia Adenoma Adenocarcinoma
| Obliterated alveolar lumen No Yes : Yes
' Distorted normal architecture - No Yes Yes (marked)
Compressed surrounding tissue No Yes Yes
Invasive growth : No No Yes
Capsule formation ' No Sometimes =~ | Often with marked
. fibroplasia
Growth pattern . Cribriform Predominantly cribriform, | Cribriform, solid, and
: 4 also solid and comedo (always) comedo
Degree of pleomorphism ‘ Mild Mild to moderate Mild to marked
(atypia)
Size , - One to a few adjacent One to several adjacent Several to many
: alveoli alveoli - adjacent alvesh
Central necrosis ' ~  No No ' Frequently
Inflammatory infiltrate No Qccasionally Frequendy

*Adapted in part from Mitsumori and Elwell (29) and Bosland (7, 8, 11)

"
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INTRODUCTION

Primary ovarian turmors are generally uncommon in
rat strains wsed in toxicologic studies; however, these
tumors have been reported to occur with some frequency
in certain strains (4, 9). Ovarian tumors have been experi-
mentally induced in rats (12, 23, 52). Primary spontaneous
tmoars of the uterus (except for uterine stromal polyps in
some strains), vagina, cervix, or oviduct are incommon in
rats typically used in toxicologic studies, although certain
experimental strains such as the Eker and Donryu rats
have been reported to develop spontaneous uterine tumors
(8,13, 19), There are few chemically related effects ab-
served in these organs in chronic carcinogenicity studies.
Although varfous tumors throughout the reprodactive
rract have been induced experimentally, most spontane-
ous twmors of the female ratreproductive tract are inciden-
tal findings at necropsy or routine histologic screening, (6,
11,15, 17, 18).

Non-neoplasuc prohferauve lesions of the ovary,
uterus, vagina, cervix and oviduct are infrequent in most
strains of rats cornmmonly used in toxicologic studies (1, 3,

Address correspondence to: Society of Toxicologic Pathologists, 19
Mansua Road, Mt. Royal, NI, 08061.

9, 11, 15). Although the incidence of spontaneous non-
neoplastic proliferative lesions increases with age, the
incidence of these lesions overall is low (3, 15).

The following classification scheme is based upon

morphologic characteristics in hematoxylin aud eosin
(H&E) stained preparations. The tumors of the ovary are
divided into three major categories according to their
presumed histogenesis and direction of differentiation:
epithelial tumors, sex cord-stromal tumors, and germ cell
tumors, The mumors of the uterus, vagina, cervix and
oviduct are divided into epithelial and nonepithelial based
on presumed histogenesis. The classification scheme is
based upon that propased by the Narional Toxicology
Program and the WHO Histologic Classification of Ova-
rian Tummors (2, 15, 18), '

MORPHOLOGY
OVARY

NEOPLASMS OF EPITHELIAL ORIGIN

Cystadenoma/Cystadenocarcinoma (Figures.1-4)
Grossly, cystadenomas may present as single or

multiple ovarian cysts, whereas cystadenocarcinomas ap-

pearas large cystic masses. Microscopically, cystadenomas

A



have papillary infoldings lined by cuboidal or columnar
epithelium. The lesions are usually unilateral and range
from microscopic 1o over a cenlimeter in diameter, Single

or multiple fronds protrude from the cyst wall into the

lumen. Diagnosis of cystadenocarcinoma 1s based upon
atypia, muldlayering, local mvasmn, or peritoneal me-
tastases.

. Cystadenoma must be differeatiated from papillary
hyperplasm of a cyst lining by the presence of distinet
fronds in the case of the former, and simple infoldings of
hyperplastic epithelium in the lawter, Also. hyperplasia is
usually diffuse and characterized by infoldings of epithe-~
lium that have short unbranched papillary extensions;
whereas, neoplastic papillae are focal in ongm and more
structurally complex.

Tubulostromal Adenoma/Tubulostromal Carcmoma
(Figures 5 & 6)

Tubulostromal adenomas consist of tubules lined by
cuboidal epithelium that resembles ovarian surface epithe-
livm. These lesions vary from microscopic to several cen-
timeters in diameter and are frequently bilateral. Tubules
may be identificd that are continuous with downgrowths of
the surface epithelium, The wbules may be interspersed
between packets of variably vacuolated or luteinized cells
of probable sex cord origin. The sex cord component is
vatiable and may form a major component of the tumor,

which may lead to the primary diagnosis being of the sex -

cord component.
Differentiating tubulostromal adenoma from epithe-
lial hyperplasia is difficult. Criteria for adenoma include: a

distinct mass of well-differentiated mbulostromal elements’

and compression of the adjacent tissue. A diagnosis of
tubulostromal carcinoma is based upon metasrasis, local
invasion, and/or high mitotic index. Few or numerous cysts
with blood or thrombi have been reported in tubulostromal
carcinomas.

Mesathelioma (Figures 7 & 8)

These mmors resemble mesotheliomas in other sites
and are compased of cuboidal to columnar epithelium in a

" papillary or frond-like pattern on the surface of the ovary or

within the ovarian bursa. Malignant mesotheliomas in the
Sprague-Dawley rat resemble adenocarcinomas, but upon
close cxamination bave fronds on the surface of the ovary
which extend into cyst-like spaces of the primary mass.
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NEOPLASMS AND NON-NEOPLASTIC
PROLIFERATIVE LESIONS OF OVARIAN
SEX CORD-STROMAL ORIGIN

Hyperplasia,

Hyperplasia of the sex cord-stroma is characterized
by one or more foci ora diffuscincrease in granulosa, luteal,

or thecal cells as pure or mixed populations. The avaries
may be marginally cnlarged with a diffuse, bilateral,
hyperplastic change, or foci may arise in atrophied ovaries
with little evidence of compression.

Differentiation between hyperplasia and adenoma
of the sex cord-stromal cells is difficult, Focal small
lesions up to a few (approximately 2-3) mm in diameter -
are considered hyperplastic and larger lesions are consid-
ercd neoplasms. When the change is diffuse and bilateral,
a more dramatic change such as a 2~ to 3-fold increase in
ovarian size is used as the criterion to shift a diagnosis of
hyperplasia to neoplasia. Cellular pleomarphism is not a
good criterion for separating hyperplasia from neoplagia
because the cells of sex cord-stromal tumors are often
monomorphie.

Granulosa Cell Tumeor (Figures 9-12)

These mumors are usually unilateral but can be bilat-
cral. They vary greatly in size and tend to be solid with 2
smooth or slightly lobunlated surface. They grow in a
variety of histological pattemns including solid sheets,
cystic, pseudofollicular, trabecular, and sertoliform. The
tumor cells resemble normal granulosa cells with round to
oval nuclei, coarsely stippled chromatin, and scant cyto-
plasm. There may be a variable picture with thecal cell
and/or luteal cell areas in the tumor, but granulosa cells
predominate. Fibroblasts, collagen, and blood vessels
support the wmor. The granulosa cell neoplasm must be
distinguished from focal granulosa cell hyperplasia and
from focal granulosa cell nodules arising in a tubular
adenoma, Malignant granulosa cell tumors are quite large
and present as palpable abdominal masses with increased
cellular pleomorphism (polyhedral or spindle form), a
high mitotic index, necrosis, and hemorrhage. Invasion

_ and metastases are rare.

Thecoma (Figures 13-16)

Thecomas can be large and are circumscribed but
non-encapsulated. Densely packed fusiform cclls in

- whorled pattcrns are characteristic, giving the wmor a

nodular appearance, The cytoplasm may conrain lipid--
laden vacuoles but this is not adominant feature. Collagen
is mainly between buandles of cells rather than around
individual cells so that a silver stain for reticulin would
differentiate the thecoma from a fibroma. Malignant
thecomas are characterized by cellular pleomorphism,
multiple areas of necrosis, mitotic figures, and invasion
of the periovarian tissue,

Luteoma (Figures 17-19)

(Synonyms: Leydig cell tumor, lipid cell tumor)
Luteomas consist of large, round to polyhedral cells

that resemble luteinized cells. They contain abundant

eosinophilic or vacuolated cytoplasm with round to oval

nuclei without much stippling,



Sertoli’s Cell Tumor (Figures 20-22)

Sertoli’s cell tumor occurs unilaterally as a solid,
encapsulated, white/ycllow, Jobulated mass with occa-
sional cysts, Over half of these tumors arise near the hilus
and compress adjacent structures. Tt has a thin, fibraus
. capsule and resembles its testicular counterpart’s semin-
iferous twbules separated by fibrovascular stroma. It has a
characteristic tubular pattern of elongated tumor cells
arranged perpendicular to the tubular basement mem-
brane. The cells have basal nuclei and abundant, lightly
eosinophilic, vacuolated cytoplasm. Malignancy is diag-
nosed when the capsule is disrupted and/or there is im-
plantation on the peritoneal surfaces.

Sertalzfofm tubular aaenama

Sertoliform tubular adenomas are well-circum-
scribed, pale tan/white nodules or masses that range from
2-10 mm in diameter. They replace ovarian tissue and
may or may not cause compression. Irreguiar tubules of
pale, vacuolated cells with indistiner cell boundaries may
giveasyncytial appesrance. Tumor cells often have round,
intracytaplasmic, hyalin-like inclusions. Sertoliform tu-
bular adenoma differs from the Sertoli’s ¢ell tumor in that
the wbular cells lack basal nuclei and vertically oriented
¢cytoplasm. This tumoris seen more commonly in Sprague-
Dawley rats than in other strains. This tmor was previ-
ously classified with the epithelial Lumon described as
wbular adenomas.

OVARIAN NEOPLASMS OF GERM CELL ORIGIN |

Teratoma '

(Synonyms: benign reratoma, benign cystic teratoma,
dermoid cyst, mature teratoma, adult teratoma,
malignant teratoma, immature teratoma)

Teratomas are tumors containing any combination
of well-differentiated ectedermal, mesodermal, and endo-
dermal elements. Benign or mature tumors are predommi-
nantly cystic but may be solid. Foci of white bone or
cartlage on the cut surface may be present. Microscopi-
cally, the cysts are lined by cpithelium that may be
cuboidal, enteric, respiratory, or keratinized squamous it
nanire. Mucin, keratin, or hair may be seen within the cyst,
Mature nervous tissue and gastrointestinal elements are
common, bul & number of other tissues can often be
discerned, such as muscle, hair follicles, cartilage, and
bone. Usually, teratomas of the ovary are benign. The
occasional malignant version has poor diffarentiation and
most commonly is composed of neural tissue. Neural
rosettes may be seen.

Yolk Sac Carcinoma (Figures 23-25)

(Synonyms: endodermql sinus tumor, yolk sac tumor)
Grossly, yolk sac carcinomas are unilateral, dark,
gelatinous or cystic masses that have been observed to be

up 10 2.5 cm in dismeter. Cystic spaces within the tumor
contain serosanguincous fluid. chroscopzca]]y, thereare
ncsts, ribbons, or individual cells embeddéd in an abun-
dant, eosinophilic, PAS-positive matrix. “The cells are
round to oval with single, central or polar, sharply defined,
basophilic nuclei. The cells have distinet boundaries and
are mostly of uniform size, although a few binucleated
cells, giantcells, or trophoblasts have been noted. Areas of
necrosis can be encountered and metastasjs by locdl inva-
sion or vascular channels can occur.

Choriocarcinomg (Figures 26-29)
(Synonym: chorionepithelioma)

Cheriocarcinomas are described atnecropsy as dark
ar hemorrhagic, cystic ovarian masses. Microscopically,
the tumors arc composed of hematocysts, hemorrhage,
cytotrophoblasts, syncytiotrophoblasts, and/or rophoblas-
tic giant cells. Cytotrophoblasts are rounded with cen-
trally located, hyperchromatic or vesicular nnclei that sre
5-10 microns in diameter,

Syncytiotrophoblasts are distinctly outlined, multi-
nucleated cells with granuiar, basophilic cytoplasm. Giant
cells are large, irregular cells with abundant cyioplasm
and single, large nuclei up to 50 microns in diameter. Most
choriocarcinomas are found in young animals and are
associared with early fatality (1, 2).

MISCELLANEQUS NEOPLASMS OF THE OVARY

FibromasFibrosarcoma (Figures 30 & 31)

Some difficulty may arise in motphologically dis- .
tinguishing between fibromas/fibrosarcomas and theco-
mas, However, collagen fiber deposition can be used as a
feature for differentiating fibromas/Obrosarcomas from
thecomas (See description of thecoma).

Fibromas of the ovary are well-differentiated m-
mors consisting of fibroblasts and collagen. Collagen
fibers arc usnally around individual fibroblasts unlike in
thecomas where collagen is interspersed berween bundles
of tumor cells.

Hemangioma/Hemangiosarcoma

Hemangiomas/hemangiosarcomas consist of both
capillarics and cavernous vascular channels which con-
1ain erythrocytes and are lined by large, plump endothelial
cells.

Metastatic/Systemic Tumors ( Figure 32)

Systemic mmors of the rat avary are rare. One study
reported involvement of rat ovares in generalized ab-
dominal mesothelioma and one case of a pancreatic ad-
enocarcinoma that had spread throughout the abdominal
cavity (16). Lymphoblastic lymphomas and large granular



Iymphocyte lymphoma (LGL, Mononuclear cell leukemnia
or Fischerrat leukemia) may secondarily involve ovaries,
as well as numerous other organs. Histiocytic sarcoma
may involve the ovaries in the rar (30). The neoplastic
histiocytes typically contain a dark, basophilic nucleus
and abundany, distinctly eosinophilic cytoplasm.

DISCUSSION

Ovarian tumors are divided into three major catego-
ries, which are named according to their presumed histo-
genesis and directions of differentiation: epithelial tw-
mors, sex cord-stromal tumors, and germ cell umers, The
morphology of the majarity of rodent and human ovarian
tumors is similar; however, morphologic counterparts do
not always exist (2).

Granulosa cell mmors are the most common sex
cord-stromal tumors in F344 rats. They are nocommon,
although they do occur, in Sprague-Dawley rats (2, 16). In
the Fischer 344 rat, these tumors are mostly benign

. althought malignant tumors do oceur.

Cystadenomas/cystadenocarcinomas are generally
Nncommon spontangous wmors in the rat, accountng for
1-4% of the primary ovarian turors in F344 rats (1, 2) and
2% or less in Sprague-Dawley rats (i1, 16). Cystadenocar-
cinomas are more common than cystadenomas.

Tubulostromal rumors are rare in F344 rats (1, 2),

Hyperplasia of the sex cord-swomal cells is quite

common in old Wistar rats and probably other strains of
tats but tends not to-be diagnosed by some pathalogists
becanse it is viewed as 2 normal aging change, It is seen
most cominonly in 2-year carcinogenicity studies.

Teratomas of the rat ovary have only recently been
reported in the literamre as a result of the development of
the genetically susceptible Tera strain (21, This hereditary
feature appears ro be due 10 an autosomal recassive trait
that results in ovarian or testicular teratomas in about 25%
of either sex. The teratomas have been described as con-
taining tridermic fissues such -as bone, epithelium, and
neural tissues, Spontaneous (non-hereditary) benign and
malignant teratomas of the rat ovary have been reported in
an old untreated Wistar rat and a Donryu rar, respectively
(18).

Spontaneous ovarian yolk sac carcinoma has been
reported in the rat, but not as frequently reported as that in
the mouse ovary (1). The yolk sac carcinoma of the rat
differs from the yolk sac tumor of humans becanse the
rodentyolk sac is composed of visceral and parietal layers.
The parieta] yolk sac lies on a thick basement membrane
(Reichert’s membrane) which it secreles,

Spontaneous ovarian choriocarcinoma has been re-
ported only ance in the rat (1).

Fibromas and fibrosarcomas are rare in the rat ovary.

Only two fibromas and no fibrosarcomas were reported

out of 2 total of 204 ovarian tumors from 39,851 female
F344 rats from the National Toxicology Program (1, 2). A
study on a wide variety of ovarian neoplasms in 5,903
aged Spragne-Dawley rats reported no fibromas or fibro-
sarcomas (11), In a follow-up study, neither of the tumors
were reported among the 210 spontaneous ovarlan tumors
from 7,748 Sprague-Dawley rats (16). .

Vascular tumors of the ovaries are even more rare in
rats than fibromas/fibrosarcomas.

Ovarian dysgerminomas in the rat Have nor been
reported (4). Occasional cases have been reported in other
species (5,20, 33), The marked resemblance of this tumor to
the classical testicular seminoma is reflected in the syn-

' onym—ovarian seminoma.

RECOMMENDED NOMENCLATURE
AND DIAGNOSTIC CRITERIA FOR
NEOPLASMS AND NON-NEOPLASTIC
PROLIFERATIVE LESIONS OF THE
OVARY IN RATS

OVARIAN NEOPMSMS OF EPITHELIAL ORIGIN

Cystadenoma/Cystadenocarcinoma

1. Cystadenomas are single or multiple cyss lined

by cuboidal or columnar epithelium with
infoldings that form papillary structures

2. Usually unilateral and range from microscopic to
over a cenumeter in diameter

3. Single or multiple fronds protruding from the cyst
wall into the lumen

4. Differential diagnoses: cystic papillary
kyperplasia and mesothelioma

3. Cystadenocarcinomas are large cystic masses.
Critetia of mahgnancy are focal atypia and/or
local invasion

Tubwlostromal Adenoma/Tubulostromal Carcinoma
1. Vary from microscopic to several centimeters in
‘diameter and are frequently bilateral
2. Criteria for differentiating adenoma from
epithelial hyperplasia include: s distinct mass of
mbulostromal elements, compression of the
adjacent fissue, and a diameter of at least 2-3 mm.
3. Consist of tubules lined by cuboidal epithelium
resembling ovarian surface epithelium. Tubules
are continuous with downgrowths of the surface
epithelium in some areas
4. Variable ratio of tubular to non-tubular
components and degree of rubular dilation
3. Tubules may be interspersed between packets of
variably vacuolated or luteinized cells of probable
sex cord origin. Sex cord component is variable
and may form a major component of the turmor



which may lead 1o primary diagnosis being the sex
cord component

6. Diagnosis of malignancy based upon metastasis,
local invasion, and/or high mitotic index. Few or
numerous cysts with blood or thrombi may be
present '

Mesothelioma

1. Composcd of cuboidal to columnar epithelium in a
papillary or frond-like pattern an the surface of the
ovary or within the bursa

2. Resemble mesotheliomas in other sites of the body.

3. Malignant tumors resemble adenacarcinomas, but
have a frond-like pattern on the surface of the
ovary and within cysts in the primary mass

NEOPLASMS AND NON-NEOPLASTIC
PROLIFERATIVE LESIONS OF OVARIAN SEX
CORD-STROMAL ORIGIN - )

. Hyperplasia '

1. Characterized by focal or diffuse increase in
granulosa, luteal, or thecal cells as pure or mixed
populations .

2. May occur in atrophic ovaries and have lirtle
evidence of compression

3. Sometimes ovaries can be marginally enlarged

 with a diffuse, bilateral, hyperplastic change

4. Differentiated from tumors of the sex cord-stromal

. cells by size. Focal lesions up to 2-3 mm are
considered hyperplastic, and larger lesions are

- consjdered mmors. When change is diffase and
bilateral, a 2~ to 3-fold increase in ovary size is
used to shift 2 diagnosis of hyperplasia to
neoplasia

Granulosa Cell Tumor :

1. Variety of histologic patterns - solid, cystie,
microfollicular, sertoliform, and tubular

2. Tumor cells characteristically resemble normal
granulosa cells with round to oval nnclej and
coarsely stippled chromatin. Cytoplasm is variable
depending upon the degree of luteinization

3. Stroma may be composed of varying amounts of
theca cells, fibroblasts, collagen, and blood vessels

4. Distinguished from focal granulosa cell
byperplasia and from focal grahulosa cell nodules
arising in tubular adenoma by compression and
size :

5. Malignant granulosa cell tumor characterized by
cellular pleomorphism, high mitotic index,

. necrosis, invasion, and metastasis
Thecorna

1. Microscopic to grossly avident masses

2. Densely packed fusiform cells usually in whorled
patierns giving a nodular appearance

3. Areas of vacuolated cells may be present
4. Circumscribed but non-encapsulated: X

v
L4

Luteoma ¢

1. Circumscribed masses consisting mainly of large

polygonal cells resembling luteinized cells

2. Tumor cells have abundant eosinophilic or
vacuolated ¢ytoplasm ‘

Sertoli’s Cell Tumor e :

1. Characteristic tubular pattern of elongated tumor
cells arranged perpendicular to the tubular
‘basement membrane

2. Tumor cells have basal nuclei and abundant,
lightly eosinophilic, vacuolated cytoplasm

3. Thin fibrous capsule

4. Arise near hilus and compress adjacent structures

5. Malignant mmors disrupt the ovarian capsule and/
ot implant on peritoneal surfaces -

Sertoliform Tubular Adenoma

1. Grossly, pale/white nodules or masses, 2=10 mm in
diameter .

2. Usually well-circumscribed and demarcated from
remaining ovarian lissue; may or may not have
compression .

3. Irregular mbules replacing ovarian tissue

4. Tubnles composed of pale, vacuolated cells with

. indistinct cell boundaries giving a somewhat
syncytial appearance ‘ :

5. Tumor cells often contain round, intracyroplasmic,
hyalin-like inclusions

L
r

OVARIAN NEOPLASMS OF GERM CELL ORI GIN
Teratomg .

‘(Synonyms: benign teratoma, benign cystic teratoma, der-

moid cyst, mature teratoma, adult leratoma, malignant
teratorna, immature teratoma) :

1. Benign (mawre) umors are predominantly cystic
but may be solid. Well-differentiated ectodermal,
mesodermal, and endodermal elements may be
present. C )

2. Mature nervous tissue and gastrointestinal
structures most common within cysts; other tssues
may be present '

3. Malignant (immature) teratomas contain some
immarre elements, most often neuroectodermal.
Usually solid masses with a small, cystic
component; but occasionally, predominantly cystic

. 4. Malignancy based on extension through the
avarjan bursa, hemorrhage and necrosis, and poor
differentiation

Yolk Sac Carcinoma )
(Synonym: endodermal sinus tumor, yoik sac rumor)
1. Unilateral, dark, gelatinous or cystic masses up 1o



2.5 cm in diameter. Cystic spaces contain -
serosangnineous fluid :

2. Tumor cells embedded in an eosinophilic, PAS-
positive mauwix -

3. Pleomorphic, round to oval wmor cells amnged
singly, in nests, rows, or tibbons, or in large
clasters
Binucleated and/or giant wmor cells .

4. Arcas of necrosis or necrosis of individual tumor
cells may be present

5. Spread by local invasion or vascular spread

Choriocarcinoma
(Synonym: chorionepithelioma)
1. Dark or hemorrhagic, grossly
2. Composed of hematocysts, sheets of
cytotrophoblasts, syncytiotrophoblasts, and/or
trophoblastic giant cells, with areas of hemorrhage
3. Trophoblastic giant cells resemble those in
deciduomas

MISCELIANEQUS NEOPLASMS OF THE OVARY

Fibroma/Fibrosarcoma
. L. Fibromas arc well-differentiated consisting of
fibroblasts and collagen

Hemangioma/Hemangiosarcoma

L. Consist of both capillaries and cavernons channels |

which conrain exyx.hrocytes lined by large, plump
endothelial cells

Metastatic/Systemic Tumors
1. Mesotheliomas, pancreatic adenocarcinoma,
lymphoblastic lymphoma, laxge granular
lymphocyte (LGL) lymphoma (Mononuclear Cell
or Leukemia), and diffuse histiocytic sarcoma have
been reported

MORPHOLOGY

NEOPLASMS OF THE UTERUS,
VAGINA, CERVIX AND OVIDUCT

UTERINE NEOPLASMS OF EPITHELIAL ORIGIN

Endometrial Adenoma (Figures 33 & 34)

Endometrial adenomas arise from the epithelium
lining the uterine mucosa or comprising the endometrial
glands. Sponsaneous occurrence of these tumors is rare.
Grossly, these umors form well delincated solitary masses
that may compress, but not invade the surrounding en-
dometrium oradjacent myometrium, The tumor cells within

endometrial adenomas arc usually well-differentiated,
and usually form acinar structures within a delicate fi-
brous sroma, or may form papillary fronds that extend
into the uterine lumen. Prolileration of decidual tissue is
occasionally observed in or associated with endometrial
neoplasms in F344 rats.

Endometrial Adenocarcinoma (Figurcs 35.37)
Endometrial adenocarcinomas ate poorly circumn-

scribed growths that usually invade the surrounding myo- -
metriune, extend into and occlude the uterine lumen or .

metastasize to distant sites, The neaplastic epithelial cells

. form selid nests, cords, papillary or acinar stuctures that

are within or supported by a stroma. The neoplastic
epithelium may be well-differentiated or may have typical
characteristics of anaplasia characterized by cellnlar and
nuclear atypia, and pleomorphism. The mumor cells may
be cuboidal to columnar and are usually one, two or more
celllayers thick. In some instances, the multiple cell layers

may give a piling or crowding effect, The luvmens of the

acinar structures formed by the tumor cells may be cystic
or distended and may contain accumulations of cellular
debris, mixed populations of inflammatory cells, and
eosinophilic secretory material, Occasionally, hyalinized
areas of fibrosis are within the stroma separating mor
cells. Focal areas of necrosis and hemorrhage may also be
present. Endomemrial adenocarcinomas with squamous
differantiation may be seen and have been termed
adenoacanthomas.

Squamous Cell Carcinoma (Figures 38 & 39)

Primary squamous cell carcinoma of the uterine
horns and body is rare, aithough squamous differentiation
of neoplastic epithelia in endomemial adenocarcinomas
may be observed. Primary squamous cell carcinoma of
endometrial epithelial origin should be distinguished from
squamous cell carcinomas arising from the vaginal or
cervical epithelium,

UTERINE NEOPLASMS OF NONEPITHEUAL OR
UNDETERMINED ORIGIN ‘

Yolk Sac Carcinoma (Figures 40 & 41)

(Synonyms: endomdermal sinus umor, yolk sac umor)

Yolk sac carcinomas involve primarily the horns of
the uterus. Many of these tumors have regions showing
features characteristic of the fetal membranes, the parietal
and visceral yolk sacs. Yolk sac carcinomas are character-
ized by rosettes, nests, rows, ribbons or large clusters of
neoplastic endodermal cells that appear fairly uniform in
size, but in some instances may show size variation and
formation of multinucleated giant cells. These cells are in
acharacteristic abundant amorphous hyalinized basement
membrane-like material that stains pale pink with muci-
carmine stain and purplish with PAS stains and is positive
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FOREWORD

Much research has aimed at discovering in vitro tests for carcinogenicity of chemicals, so as
to reduce the time and expense entailed by conventional animal testing, as well as to clarify
to what extent results using high doses in rodents are relevant to the situation where humans
are exposed to low levels of drugs, food chemicals and pollutants. However, no adequate
substitute has yet been found that provides a better correlation of experimental results with
_epidemiologic’alv data on human carcinogenicity and therefore regulatory authorities worldwide
still depend greatly upon long-term animal test results. To improve the reliability of inter-
pretation of such results, a standardized nomenclatutre for the lesions observed in the tests
is essential. To generate the classification presented here, scientists from both academia and
industry in many countries have closely cooperated to arrive at a consensus on the descrip-
tions of all the types of tumour and pre-neoplastic lesion encountered in laboratory work, and
we believe this will lead to a significant enhancement in the quality of decision-making with
respect to human exposure to toxic substances.

Updating the classification of tumours in experimental animals will also receive attention
in basic cancer research. Neoplasms are now increasingly induced in transgenic animals har-

bouring specific oncogenes, mutated tumour-suppressor genes or combinations thereof. In

addition, a variety of tumours may develop in animals which have been deprived of growth-
controlling gene products by homologous recombination. A comparison with spontaneously
occurring neoplasms and those induced by exposure to chemicals is becoming an increasing
challenge of pathologists.

IARC is pleased to present this Classification of Rodent Tumours, which it is hoped will
overcome some of the traditional inter-pathologist variability in diagnosis that has confused
much- past work. :

We are grateful to the International Life Sciences Institute (ILSI) for its generous support
for the preparation and printing of this series of fascicles. Based in Washington, D.C. (U.S.A)),
ILSI aims to promote the resolution of health and safety issues and has ‘helped to fund
numerous related scientific publications.

Dr Ulrich Mohr Dr Paul Kleihues
Director . . Director
Institute of Experimental Pathology IARC

Hannover Medical School
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INTRODUCTION

E Tumours and-pre-neoplastic lesions of rodents have-been described in many text-books and
. publications. The idea of this series of fascicles comprising an International Classification
. of Rodent Tumours is not to duplicate other excellent publications, but rather to provide

information and guidelines especially adapted for international use in practical toxicologic

' pathology. This is in particular expressed in the concise easy-to-use format of the narrative
" in all sections. Included in this classification are tumours and relevant pre-neoplastic lesions
. of the rat for all organ systems. Hyperplastic and metaplastic changes are only considered in.
- so far as they are known to be clearly pre-neoplastic, i.e., incidentally and pathogenetically

associated with corresponding tumours. Other reactive hyperplastic lesions, which, for ex-
ample, develop secondarily to inflammation, are not included. Furthermore, only lesions are
considered for which histopathological slides are available or which have been documented
with pictures in the literature. ' :

The goal of this classification is to harmonize and standardize the nomenclature and di-
agnostic criteria to be used worldwide for regulatory purposes. The complete range of organ

systems in the rat will be covered in ten fascicles, of which the “Male Genital System™ is

number eight.

Each fascicle is divided into different so-called data-sheets, each of which represents the
essential information on a particular lesion. Furthermore, each data-sheet is prepared in a
standard layout, always starting on a new page with a header section. On. the left side of each

~ header section, the lesion name (the “preferred term™) appears followed in parenthesis. by an

indication of the lesion’s biological behaviour, according to the following codes:

(H) hyperplastic and pre-neoplastic lesio
(B) benign tumour :
(M) malignant tumour

(S) systemic tumour

If modifiers are defined for a particular lesion, they are printed in italics below the lesion

 name. On the right-hand side of the header, the organ in which the lesion occurs is mentioned.

Tf the same criteria are used for a.lesion at several topographical sites, all these organ names
are included here. All lesion names used in the headers and in the synonym(s) and “differential
diagnosis” sections are presented with the pathological disposition (like hyperplasia, tumour,
adenoma, etc.) placed first, followed by terms describing a subtopography, a growth pattern,
a cell type, etc., separated by commas. This ordering of words constitutes the structure
of “preferred terms”. Use of this terminclogy facilitates the identification and grouping of
lesions with the same biological behaviour, especially when using a computerized pathology
data system. In the text and the figure legends, the ordering of words is usually changed to
the more common “speaking form”; thus if the preferred term is called “adenoma, bronchiolo-
alveolar” this lesion is referred to in the text as “bronchiolo-alveolar adenoma”.

The descriptions of the diagnostic features comprise only the main histopathological fea-
tures of the specified lesion, in the form of a concise list. In several cases, modifiers are
included for a more precise sub-classification to define a specific growth pattern (e.g., papil-
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HYPERPLASIA (H)

PROSTATE

COAGULATING GLAND

Synonym(s): atypical hyperplasia

Histogenesis

Prostatic and coagulating gland aciniy/ ducts
(urogenital sinus).

Diagnostic Features

Gene‘rally focal/multifocal lesion invblvi'ng
single or a few adjacent alveoli and occa-
sionally excretory ducts, mostly in ventral

_prostatic lobe, rarely in dorsolateral lobe

or the coagulating gland.

No disturbance of normal alveolar archi-
tecture.

Gradual transition from normal epithelium
to focal hyperplastic areas or, at times,
more abrupt changes.

In transition areas occasional occurrence of
tall columnar cells with hypereosinophilic
cytoplasm and basally located hyperchro-
matic round to oval nuclei. ‘

Epithelial proliferation of three and more
cell layers, sometimes forming papillary
structures or cribriform pattern, occasion-
ally loss of cellular polarity.

Cellular atypia generally minimal, areas

with increased cellular atypia and squa-
mous metaplasia may be present.

Decreased nucleus to cytoplasm ratio, mi-
totic figures infrequent.

No capsule formation or compression of ad-
jacent tissue.

Usually not accompaniéd by inflammation.

Proliferative lesion is not obliterating the
acinar lumen.

Fig. 23: Hyperplasia of the ventral prostate

involving multiple adjacent acini. H&E;:

%105

Differential Diagnosis

"FUNCTIONAL H YPERPLASIA :

Can be diffuse or focal, usually in the pe-

* riphery of the ventral prostate, ‘crowded’
but not truly multilayered epithelial cells
of increased height and basophilia, forming
folds into the alveolar lumina containing
less secretion.
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REACTIVE HYPERPLASIA:

Almost always combined with inflamma-
tion, most frequently found in the dorso-
lateral lobe, consists of a simple thicken-

ing of the epithelium to 2 — 6 or more cell .

layers, occasionally with pseudoglandular
formation. -

" ADENOMA:

Distortion of normal glandular architec-
ture and compression of adjacent tissue,
comedo growth pattern frequently seen. If

* differentiation between focal hyperplasia
and adenoma cannot be made on the basis
of these criteria, a proliferative lesion oblit-
erating one acinar lumen is interpreted to
be an adenoma.

Commeﬁt

The prostate is a multilobulated organ con-
sisting of the ventral, dorsal, lateral and dor-
socranial (anterior) lobes. The latter is also
referred to as coagulating gland. "A macro-
scopic distinction of the lobes is difficult, in
particular the distinction between the dor-
sal and lateral lobes which aré often collec-
tively referred to as dorsolateral lobe. Mi-

croscopically the peripheral and central acini’

of the ventral prostate differ, the peripheral
ones being smaller and having more numer-
ous epithelial infoldings, while acini of the
dorsolateral lobe tend to be overall larger.
The ventral prostate has only slightly eosino-
philic acinar secretion, while the dorsolateral
prostate has clearly eosinophilic acinar secre-
tion.

Hyperplasia of the dorsolateral prostate is
known to occur only following treatment
with carcinogens usually in combination with
testosterone. It differs somewhat from that of
the ventral prostate: the lesion is less umi-
form and is characterized by small glands
with a single layer of atypical cuboidal to

PROSTATE; COAGULATING GLAND

somewhat fat cells with a hypochromatic ¢y-
toplasm and nuclei; the cellular polarity is
often disturbed and mno sign of secretory ac-

tivity is seen; some necrosis and thickening

of perialveolar fibromuscular tissue is often
found.

The diagnosis of prostate/coagulating gland
hyperplasia is mainly based on the occur-
rence of a multilayered normal epithelium in
a few adjacent glands of an otherwise normal
prostate without architectural disturbance.

References
See 2, 12, 30, 34, 37.
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ADENOMA (B)

PROSTATE
COAGULATING GLAND

Histogenesis

Prostatic and coagulating gland acini/ducts.

D'i_agnostic Features

Intraalveolar epithelial proliferations par-
tially or completely obliterating the lu-

. mina of one or more acini.

Distortion of normal glandular architec-
ture and compression of surrounding tis-
sue. :

Sometimes enclosed completely or par-
tially by a fine fibrous capsule.

Occasionally outgrowths into' adjacent
alveoli/ducts (no invasion).

Neoplastic cells predominantly arranged in .

cribriform pattern, rarely comedo pattern
with solid and microglandular areas.

Cells usually enlarged with round to oval
hypo- or hyperchromatic nuclei, decreased
nucleus to cytoplasm ratio, loss of polarity,
slightly eosinophilic cytoplasm.

Mild degree of pleomorphism, some’ areas
of dysplasia and squamous metaplasia.

Mitotic figures may be seen.

' Usually no inflammation with exception of

some foamy macrophages.

If differentiation between focal-hyperplasia
and adenoma cannot be made on the ba-
sis of criteria listed above, a proliferative
lesion obliterating one acinar lumen is in-
terpreted to be an adenoma.

Fig. 24: Adenoma of the prostate completely
obliterating the lumen of one acinus. H&E;
x40

Differential Diagnosis

HYPERPLASIA:

No compression of surrounding tissue or
capsule formation, generally no comedo
growth pattern. Proliferative lesion is not
obliterating one acinar lumen.




Fig. 25: Higher-power view of prostatic ade-
noma. Note cribriform pattern of neoplas-
tic cells and numerous: mitotic figures. H&E;
x210

ADENOCARCINOMA-

Invasive growth, e.g. through the capsule,
and metastases, generally larger than 5 ad-
jacent acini, often marked disruption of the
architecture, central necrosis and haemor-
rhage sometimes found, increased cellular
atypia.

Comment

The prostate is a multilobulated organ con-

sisting of the ventral, dorsal, lateral and dor-'

socranial (anterior) lobes. The latter is also
referred to as coagulating gland. A macro-
scopic distinction. of the lobes is difficult, in

PROSTATE; COAGULATING GLAND

particular the distinction between the dor.
sal and lateral lobes which are often collec.
tively referred to as dorsolateral lobe. M-
croscopically the peripheral and central acini
of the ventral prostate differ, the periphera]
ones being smaller and having more numer-
ous epithelial infoldings, while acini of the
dorsolateral lobe tend to be overall larger.
The ventral prostate has only slightly eosino-
philic acinar secretion, while the dorsolateral
prostate has clearly eosinophilic acinar secre-
tion.

The distinction between prostate/coagu-
lating gland hyperplasia, adenoma and carci-
noma, probably representing different stages
in neoplastic progression, may be arbitrary in
borderline cases. Dorsolateral prostatic ade-
nomas appear to be rare as spontaneous le-
sions, but have been described to be inducible

‘chemically (Bosland, 1987). . The predomi-

nant growth pattern of the induced lesion was
described as microglandular to tubular; crib-
riform and comedo patterns vere not found.

The diagnosis of a prostatic/coagulating

gland adenoma is mainly based on the occur-
rence of acinar proliferations obliterating the
lumina of generally several acini, sometimes
with compression and occasionally ¢omedo
growth pattern. '

References

See 1, 11, 24, 30, 34, 40.




ADENOCARCINOMA

ADENOCARCINOMA (M)

PROSTATE
COAGULATING GLAND

Histogenesis

Prostatic/coagulating gland acini/ducts.

Diagnostic Features

e Mainly in the ventral prostatic lobe, gener-
ally larger than 5 alveoli, sometimes com-
prising the majority of the gland, often
marked -distortion of the architecture.

o Pleomorphic tumour cells with low nucleus
to cytoplasm ratio, hyperchromatic and
eosinophilic cytoplasm, large nuclei some-
times with multiple nucleoli and mitotic
figures, particilarly in adenocarcinomas of
the dorsolateral prostate. '

¢ Predominant growth pattern of adenocar-
cinomas of the ventral prostate: cribri-
form, comedo-type and solid; of the dorso-
lateral prostatic lobe and the coagulating
gland: glandular/tubular structures lined

by a single or occasionally double layer of

epithelial cells; less well differentiated le-
sions with cells in solid sheets or s’qrands.

e Haemorrhage, focal necrosis and a mixed
cell inflammatory infiltrate generally seen
within the tumour.

o Usually pseuddlobulation by fibrous septa.

o Often with distinct fibrous capsule partly
demarcating the tumour from surround-
ing tissue; invasive growth into adja-
cent alveoli and stroma may be seen, oc-
casional metastases into regional lymph
nodes, lungs and brain.

Fig. 26: Adenocarcinoma of the prostate.
The tumour has a distinct cribriform pat-
tern and invades into the capsule (top right).
HE&E; <85

Differential Diagnosis
ADENOMA:

Ahsence of invasive growth and of wide-
spread necrosis and disruption of archi-
tecture, only mild pleomorphism, often
smaller than 5 alveoli.




Fig. 27 Higher-power view of prbstatic
adenocarcinoma. Note nuclear pleomorphism
and high mitotic rate. H&E: x330

Comment

The prostate is a multilobulated organ con-
sisting of the ventral, dorsal, lateral and .dor-
socranial (anterior) lobes. The latter is also
referred to as coagulating gland. A macro-

scopic distinction of the lobes is difficult, in -

particular the distinction. between the dor-
sal and lateral lobes which are often collec-
tively referred to as dorsolateral lobe. Mi-

croscopically the peripheral and central acini

of the ventral prostate differ, the peripheral
ones being smaller and having more numer-
ous epithelial infoldings, while acini of the
dorsolateral lobe tend to be overall larger.
The ventral prostate has only slightly eosino-

philic acinar secretion, while the dorsolateral -

PROSTATE: COAGULATING GLAND

Fig. 28: Less differentiated adenocarcinoma

of the prostate with abundant proliferation of
stromal connective tissue. H&E; %130

prostate has clearly eosinophilic acinar secre-
tion.

Localization and size of tumour will gener-
ally not cause any confusion for adenocar-
cinomas of the ventral prostate. However,
due to the highly invasive nature of scir-
rhous’ adenocarcinomas, it is frequently im-

. possible to determine the exact gland of ori-

gin. These tumours can theoretically arise
from any epithelial structure in that area,
such as ampullary glands (no spontaneous tu-
mours known), seminal vesicles, coagulating
glands, ducts of these glands or the dorsolat-
eral prostate. Urethral tumours are generally
transitional cell carcinomas and thus easily
distinguishable. Very large adenocarcinomas
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ADENOCARCINOMA

in the pelvic-cavity involving much of the cav-
ity may have to be classified s accessory sex
gland adenocarcinomas or as adenocarcino-
mas of unknown origin. '

The diagnosis of an adenocarcinoma of the

- prostate/coagulating gland is mainly based

on the presence of a solid and/or adenoma-
tous invasive carcinoma with more or. less
widespread nécrosis. Cribriform adenocarci-
nomas of the ventral prostate and coagulating
gland may lack clear invasive growth, but are
characterized by marked cellular and nuclear
polymorphism.

References . |
See 9,10, 19, 30, 34, 38, 40, 41.
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FOREWORD

Much research has aimed at dlscovermg in vitro tests for carc1nogemc1ty of chemlcals SO as
to reduce the time and expense entailed by conventional animal testing, as well as to clarify
to what extent results using high doses in rodents are relevant to the situation where humans
are exposed to low levels of drugs, food chemicals and pollutants. However, no adequate
substitute has yet been found that provides a better correlation of experimental results with
epidemiological data on human carcinogenicity and therefore regulatory authorities worldwide
still depend greatly upon long-term animal test results. To improve the reliability of inter-
pretation of such results, a standardized nomenclature for the lesions observed in the tests

is essential. To generate the classification presented here, scientists from both academia and

industry in many countries have closely cooperated to arrive at a consensus on the descrip-
tions of all the types of tumour and pre-neoplastic lesion encountered in laboratory work, and
we believe this will lead to a significant enhancement in the quality of decision-making with
respect to human exposure to toxic substances.

Updating the classification of tumours in experimental animals. will also receive attention
in basic cancer research. Neoplasms are now increasingly induced in transgenic animals har-
bouring specific oncogenes, mutated tumour-suppressor genes or combinations thereof. In
addition, & variety of tumours may develop in animals which have been deprived of growth-
controlling gene products by homologous recombination. A comparison with spontaneously
occurring neoplasms and those induced by exposure to chemicals is becoming an increasing

‘challenge of pathologists.

IARC is pleased to present this Classification of Rodent Tumours, which it is hoped will
overcome some of the traditional 1nter—pathologlst variability in' diagnosis that has confused
much past work.

‘We are grateful to the International Life Sciences Institute (ILSI) for its generous support

* for the preparation and printing of this series of fascicles. Based in Washington, D.C. (U.S.A.),

ILSI aims to promote the resolution of health and ~safety issues and has helped to fund

numerous related scientific publications.

Dr Ulrich Mohr -~ Dr Paul Kleihues
Director Director
Institute of Experimental Pathology - IARC

Hannover Medical School
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publications. The idea of this series of fascicles comprising an International Classification
of Rodent Tumours is not to duplicate other excellent publications, but rather to provide
information and guidelines especially adapted for international use in practical toxicologic
pathology. This is in particular expressed in the concise easy-to-use format of the narrative
in all sections. Included in this classification are tumours and relevant pre-neoplastic lesions
of the rat for all organ systems. Hyperplastic and metaplastic changes are only considered in
so far as they are known to be clearly pre-neoplastic, i.e., incidentally and pathogenetically

. associated with corresponding tumours. Other reactive hyperplastic lesions, which, for ex-

ample, develop secondarily to inflammation, are not included. Furthermore, only lesions are
considered for which histopatholdgical‘slides are available or which have been documented
with pictures in the literature. '

The goal of this classification is to harmonize and standardize the nomenclature and di-
agnostic criteria to be used worldwide for regulatory purposes. The complete range of organ
systems in the rat will be covered in ten fascicles, of which the “Female Genital System” is
number nine. '

Each fascicle is divided into different so-called data-sheets, each of which represents the
essential information on a particular lesion.  Furthermore, each data-sheet is prepared in a
standard layout, always starting on a new page with a header section. On the left side of each
header section, the lesion name (the “preferred term”) appears followed in parenthesis by an
indication of the lesion’s biological behaviour, according to the following codes: '

(H) hyperplastic and pre-neoplastic lesion
(B) benign tumour

(M) malignant tumour

(S) systemic tumour

If modifiers are defined for a particular lesion, they are printed in italics below the lesion
name. On the right-hand side of the header, the organ in which the lesion occurs is mentioned.
If the same criteria are used for a lesion at several topographical sites, all these organ names
are included here. All lesion names used in the headers and in the synonym(s) and “differential
diagnosis” sections are presented with the pathological disposition (like hyperplasia, tumour,
adenoma, etc.) placed first, followed by terms describing a subtopography, a growth pattern,
a cell type, etc., separated by commas. This ordering of words constitutes the structure
of “preferred terms”. Use of this terminology facilitates the identification and grouping of
lesions with the same biological behaviour, especially when using a computerized pathology
data system. In the text and the figure legends, the ordering of words is usually changed to
the more common “speaking form”; thus if the preferred term is called “adenoma, bronchiolo-
alveolar” this lesion is referred to in the text as “bronchiolo-alveolar adenoma”.

The descriptions of the diagnostic features comprise only the main histopathological fea-
tures of the specified lesion, in the form of a concise list. In several cases, modifiers are
included for a more precise sub-classification to define a specific growth pattern (e.g., papil-




x _ INTRODUCTION

lary, solid, cystic, etc.) or to sub-divide findings by cell type (e.g., phaeochromocytoma type,
small cell type, etc.). The criteria which are specific for modifiers are listed under subhead-
ings. Because illustrations are essential in. pathology, most lesions are documented with at
least one micrograph. These illustrations have been selected from among both spontaneous
or induced lesions.

The section “differential diagnosis” is also kept as short as possible and includes only the
main diagnostic criteria used in distinguishing lesions: In the (literature) reference section of
each data-sheet only numbers are printed which refer to the numbered list of references at
the end of the fascicle. Only the most recently published and important papers are included
in the literature references: :

An “electromic” version of this classification with a more extensive range of colored illus-
trations will be issued once the series of fascicles is complete. This will enhance the speed
and facility of access to the information required for accurate diagnosis.

History

The basic outline of this classification was prepared by pathologists in chemical and phar-
maceutical companies from Germany and Switzerland and at the Fraunhofer Institute of
Toxicology and Aerosol Research in Hannover, Germany. The initial goal was to define
nomenclature and diagnostic criteria for use in the Registry of Industrial Toxicology Animal-
data — RITA. This data base of spontaneously occurring tumours and pre-neoplastic lesions
observed in control rats of long-term carcinogenicity and chronic toxicity studies was set up in
1988 and is continuously expanding, already containing data from thousands of control rats.

In order to be able to storein a centljal data base findings derived from different laboratories
and different pathologists, and to be able to reliably compare and evaluate the results, it was
realized that the use of a systematized nomenclature and precisely defined diagnostic criteria
was essential. '

In the late 1980s, the Society of Toxicologic Pathology; in the USA, also started an initiative

_to standardize diagnostic criteria of neoplastic and pre-neoplastic lesions in the rat and further

similar efforts are being undertaken in Japan. In order to try to harmonize these different
endeavours, JARC has brought together scientists from many countries to generate this series
of publications, that it hopes will become a standard for toxicologic pathology. An Editorial
Board for the project as a whole, as well as individilal Reviewer Panels for each organ system,
enable all points of view to be taken into consideration, in order to encourage international
acceptance of this system of standardized nomenclature and harmonized diagnostic criteria.

U. Mohr (FRG) D.L. Dungworth (USA) N. Ito (Japan)
C.C. Capen (USA) R.A. Griesemer (USA) V.S. Turusov {Russia)

The Editorial Board thanks Dr H. Ernst for preparing some of the illustrations and Dipl.-
Ing. G. Morawietz for establishing the structure of the nomenclature, suitable for electronic
data processing, for preparing the proofs for the fascicle and for the technical editing in
collaboration with Dr J. Cheney. :




HYPERPLASIA, SEX CORD STROMAL ' 11

HYPERPLASIA, SEX CORD STROMAL (H) OVARY
Granulosa cell
Theca cell
ol el T R
Mized type
Diffuse mized type

Histogenesis

Sex cord/stromal cells.

Diagnostic Features

o Lesion may show variable morphological
spectrum including granulosa cells, theca
cells, Sertoli cells, luteal cells, etc., often
in varying quantities.

e Quite common, in old rats two distinct le-
sions can be distinguished.

Focal:

o Focal lesions are discrete lesions, which are
well demarcated from the adjacent tissue.

view of cystadenocar-

" papillary structures. o Lesions show often predominance (> 70%)-

“of one cell type, i.e. granulosa, theca, or
: Sertoli. Mixed lesions are ones in which
more than one cell type is present.

‘ e Diameter does not exceed the size of a cor-
pus luteum. :

. Diffuse mized type (old age type):

e May be present multifocally or diffusely Fig. 12: Focal granulosa cell hyperplasia.
throughout the ovary and involve the en- This lesion is well circumscribed and smaller
tire ovary. : . than a corpus luteum. H&E; x40

e Poorly demarcated lesions showing a mix-
ture of stromal and sex cord cells. Cell e Diameter is smaller than or equal to the
types most frequently associated with this size of a normal ovary.
type of lesion are Sertoli-type cells and '
stromal cells. The Sertoli-type cells have a
clear cytoplasm and are arranged in cords
or strands, occasionally in tubules.




Fig. 13: Higher-power view of granulosa cell
hyperplasia showing uniform population of
granulosa cells. H&E; <210

Differential Diagnosis

TUMOUR, SEX CORD STROMAL,
MIXED, BENIGN:

Differentiation between hyperplasia and

sex cord stromal tumours is arbitrary and
difficult.

Sex cord stromal tumours are distinct
masses, which may compress the adjacent
tissues. Hyperplasia, especially of the dif-
fuse mixed type, tends to have a gradual
transition with the adjacent tissues.

Focal discrete lesions larger than a large
corpus luteum are, in the ahsence of
any other morphological criteria, such as
atypia, pleomorphism, high mitotic rate

Fig. 14: Diffuse mixed type of sex cord stro-
mal hyperplasia, high grade. H&E; x40

and invasiveness, considered to be a tu-
mour.

Diffuse mixed-type lesions occasionally be-
come very large. They may encompass the
major part of the ovary and have a size
larger than a normal ovary. In these cases
they are arbitrarily registered as tumour,
sex cord stromal, benign, mixed type.

TUMOUR, GRANULOSA CELL, BENIGN
or TUMOUR, SERTOLI CELL, BENIGN
or THECOMA, BENIGN:

Discrete nodule and/or compression
and/or diameter of proliferative lesion is
larger than the size of a corpus luteum.
One cell type predominates.

tyr
ing
lesi
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OVARY

-ed type of sex cord stro--
th grade. H&E; x40

"considered to be a tu-

1

>e lesions occasionally be-
They may encompass the
1e ovary and have a size
‘mal ovary. In these cases
ily registered as tumour,
, benign, mixed type.

ULOSA CELL, BENIGN
XTOLI CELL, BENIGN
INIGN:

& and/or compression
- of proliferative lesion is
size of a corpus luteum.
edominates.

Fig. 15: Higher-power view of diffuse mixed
type of sex cord stromal hyperplasia show-
ing the mixed cellular characteristics of this
lesion with Sertoliform tubules. H&E; %85

Comment
The diffuse mixed type (old age type) hyper-
plasia is common in old rats.

. References

See 4, 23, 24, 29.
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TUMOUR, GRANULOSA CELL, BENIGN (B) OVARY |

Synonym(s): tumour, sex cord stromal, be-
nign, granulosa cell type

Histogenesis

Sex cord/stromal cells.

Diagnostic Features

e Cellular morphology resembles that of nor-
mal granulosa cells.

o Nuclei round to oval with coarsely stippled
chromatin.

e Cytoplasm varies from scanty to moder-
ate depending upon degree of luteinization
and is faintly eosinophilic and vacuolated.

and trabecular identified.

¢ Some large tumours contain areas of haem-
orrhage and necrosis with lipofuscin gran-
ules. ‘

i o Occasionally, larger granulosa cell tumours
1 show areas or are partially composed of
fusiform theca-like cells. The predominant
component, however, is the granulosa cell.

o Diameter of proliferative lesion is larger
than the size of a corpus luteum.

Diﬁ'eréntial Diagnosis

HYPERPLASIA, SEX CORD STROMAL
(GRANULOSA CELL), focal:

No distinct compression and/or displace-
I ment of surrounding tissue. In the ab-
i sence of other morphological characteris-
I tics: lesions of predominantly one cell type

smaller than or equal to a large corpus lu-
teum should be called a hyperplasia and
larger than that a tumour.

e Several patterns such as follicular, solid

. TUMOUR, GRANULOSA CELL,

Fig. 16: Benign granulosa cell tumour show-
ing a well demarcated nodule. H&E; x15

MALIGNANT:

The distinction between benign and malig-
nant granulosa cell tumour is made on the
degree of atypia, infiltrative growth pat-

. tern, presence of metastasis, and areas of
necrosis and haemorrhage indicative of a
high growth rate.
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References _
See 1, 3, 4, 16, 23, 26.

Fig. 17: Higher-power view of benign gran-
ulosa cell tumour showing a uniform popu-
lation of granulosa cells and sharply demar-
cated border. H&E; x330

LUTEOMA, BENIGN or THECOMA,
BENIGN or TUMOUR, SERTOLI CELL,
BENIGN:

Differentiation from luteoma, thecoma,
Sertoli cell tumour is based upon the pre-
dominant characteristics of the tumour. In
the case of granulosa cell tumours, the
granulosa cell type should be predominant.

Comment

Granulosa cell tﬁmours .are the most com-
mon ovarian tumours in Fischer F344 and
Sprague-Dawley rats.
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TUMOUR, GRANULOSA CELL,
MALIGNANT (M)

Synonym(s): gynoblastoma; tumour, sex
cord stromal, malignant, granulosa cell type -

Histogenesis

Sex cord/stromal cells.

Diagnostic Features

o Malignant granulosa cell tumours have ev-
idence of local invasion, a high degree of
cellular pleomorphism and a high mitotic
rate.

Focal areas of necrosis and haemorrhage
are frequently present.

Tumour may show distant metastases to
kidneys, lungs, and lymph nodes.

Cellular morphology resembles that of nor-
mal granulosa cells.

Nuclei round to oval with coarsely stippled
chromatin.

Cytoplasm varies from scanty to moder-
ate depending upon degree of luteinization
and is faintly eosinophilic and vacuolated.

Several patterns such as follicular, solid
and trabecular identified.

Occasionally, granulosa cell tumours show
areas or are partially composed of fusiform
theca-like cells.

Differential Diagnosis

TUMOUR, GRANULOSA CELL,
BENIGN:

The distinction between benign and malig-
nant granulosa cell tumour is based on the
degree of atypia, infiltrative growth pat-
tern, presence of metastasis, and areas of

Fig. 18: Malignant granulosa cell tumour
with necrosis and invasion into the adjacent :
tissues. H&E; x15

necrosis and haemorrhage indicative of a
high growth rate. ‘

LUTEOMA, BENIGN or THECOMA,
MALIGNANT or TUMOUR, SERTOLI
CELL, MALIGNANT:

Differentiation from luteoma, thecoma,
Sertoli cell tumour is based upon the pre-
dominant cell type present. In the case of
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OVARY
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Fig. 19: Malignant granulosa cell tumour Fig. 20: Higher-power view of malig-
with focal necrosis. H&E; x85 nant granulosa cell tumour, showing invasion.
H&E; %210

granulosa cell tumours the latter cell type
should be predominant.

granulosa cell tumour

asion into the adjacent References

See 1, 2, 3, 4, 16, 23, 26.

orrhage indicative of a
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THECOMA, BENIGN (B)

Synonym(s): tumour, sex cord stromal, be-
nign, thecoma type; tumour, theca cell, be-
nign

Histogenesis

Sex cord/stromal cells.

Diagnostic Features

o Composed of densely packed fusiform cells,
-usually arranged in interlacing bundles
and whorls giving a nodular appearance.

e Variable amount of lipid and  collagen
present. Collagen is mainly between bun-
dles of cells.

» Extensive necrosis in large tumours with
only perivascular persistence of viable tis-
sue.

e Focal areas of mineralization and hyalin-
ization may be present.

e Diameter of proliferative lesion is larger
than the size of a corpus luteum.

Differential Diagnosis
FIBROMA:

Fibromas lack lipid-laden cells and have
collagen arranged around individual cells.

HYPERPLASIA, SEX CORD STROMAL:

Sex cord stromal hyperplasia is generally
diffuse and mixed.in character, but may
be focal, and in the latter case does form
a distinct entity, which is smaller than or
equal in size to a large corpus luteum.

Fig. 21: Benign thecoma showing a well cir-
cumscribed nodule of uniform spindle cells
slightly larger than a corpus luteum. H&E;
x45

TUMOUR, GRANULOSA CELL, BENIGN
or LUTEOMA, BENIGN:

Differentiation between thecomas and the
other sex cord stromal tumours is based on
the predominant cell type present. In the-
coma the major cell type is spindle-shaped
theca cell. :




coma showing a well cir-
of uniform spindle cells
a corpus luteum. H&E;

.

ULOSA CELL, BENIGN
INIGN:

setween thecomas and the -
romal tumours is based on
: cell type present. In the-
cell type is spindle-shaped
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Fig. 22: Higher-power view of benign the- Fig. 23: Benign thecoma showing marked
coma with a uniform population of fusiform multifocal mineralization. H&E; %85
cells. H&E; x210 ' ’

THECOMA, MALIGNANT:

Differentiation between benign and malig-
nant thecoma is based on the presence of
an infiltrative growth pattern, an invasion
of the adjacent tissue, degree of atypia,
and metastasis in the malignant thecoma.

References
See 1, 3, 4, 16, 23, 26.
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THECOMA, MALIGNANT (M)

2
&
=
e,

Synonym(s): tumour, sex cord stromal, ma-
lignant, thecoma type; tumour, theca cell,
malignant

Histogenesis

Sex cord/stromal cells.

Diagnostic Features

° Gomposed of densely packed fusiform cells,
usually arranged in whorls giving a nodu-
Jar appearance. :

e Spindle-shaped cells arranged in interlac-
ing bundles and whorled patterns.

e Varizble amount of lipid and collagen
present. Collagen arranged between bun-
dles of cells.

o Extensive necrosis in large tumours with
only perivascular persistence of viable tis-
sue.

e Focal areas of mineralization and hyalin-
ization may occur.

e Malignant thecomas also show pleomor-
phism and multiple areas of necrosis sug-

gesting rapid growth, infiltration of adja-
cent tissue and/or metastasis.

Differential Diagnosis
FIBROMA or FIBROSARCOMA:

Fibromas or fibrosarcomas lack lipid-laden
cells and have collagen arranged around in-

dividual cells.

TUMOUR, GRANULOSA CELL,
MALIGNANT or LUTEOMA, BENIGN:

Differentiation between thecomas and the
other sex cord stromal tumours is based

L N R L ORI ) W I 1

e . e, —_ . W

Fig. 24: Malignant thecoma with invasion
into the adjacent tissues. H&E; %35 g

on the predominant cell type present. In
the case of thecoma the major cell type is
spindle-shaped theca cell.

THECOMA, BENIGN:

Differentiation hetween benign and malig-
nant thecoma is based on the presence of .
an infiltrative growth pattern, the degree ;
of atypia, invasion of the adjacent tissue,
and metastasis in the malignant thecoma.




nt thecoma with invasion
sissues. H&E; x35

nant cell type present. In
:oma the major cell type is
theca cell.

VIGN:

between benign and malig-
is based on the presence of
growth pattern, the degree
sion of the adjacent tissue,
in the malignant thecoma.

Fig. 25: Higher-power view of malignant the-
coma with mitosis. H&E; %330

References
See 3, 4, 16, 23, 26, 39.




LUTEOMA, BENIGN (B)

Synonym(s): gonadal stromal sex cord tu-
mour, benign, luteoma type; luteinized gran-
ulosa cell tumour, benign

Histogenesis

Sex cord/stromal cells.

Diagnostic Features

e Composed of highly luteinized cells with
abundant pale granular cytoplasm with

_ distinct cell boundaries. Nuclei are round
to oval without significant stippling.

e Intranuclear cytoplasmic invaginations
and mast cells occasionally present.

e Tumour generally shows a slight degree of
cellular pleomorphism.

o Connective tissue may divide the tumour
into small lobules compared to normal cor-
pus luteum.

e Diameter of proliferative lesion is larger
than that of three corpora lutea.

Differential Diagnosis

TUMOUR, GRANULOSA CELL, BENIGN
or THECOMA, BENIGN: ‘

Differentiation between luteomas and
other sex cord stromal tumours is based
upon the predominant cell type present.
Granulosa cell tumours and thecomas do
not have such a high degree of luteiniza-
tion.

Comment

Luteoma, malignant has not been reported.
Nuclear atypia or pleomorphism does not im-
ply malignancy. Luteinized cells sometimes

Fig. 26: Benign luteoma showing a well cir-

cumscribed nodule of highly luteinized cells.
H&E; %35 '

occur in malignant and benign granulosa cell
tumours.

References
See 1, 4, 16, 23, 26.




OVARY

OVARY

.oma showing a well cir-
f highly luteinized cells.

| ind benign granulosa cell

LUTEOMA, BENIGN

Fig. 27: - Higher-power view of be-
nign luteoma with well differentiated highly
luteinized and finely vacuolated cytoplasm
and centrally located nucleus. H&E; x330
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TUMOUR, SERTOLI CELL, BENIGN
Tubular

(B) OVARY

Synonym(s): tumour, gonadal stromal, be-
nign; tumour, sex cord stromal, benign; tu-
mour, sex cord stromal, benign, Sertoli type;
tumour, sustentacular, benign

Histogenesis

Sex cord/stromal cells.

Diagnostic Features

o Sertoli cell tumours resemble their testic-
ular counterpart. ’

e Characterized by seminiferous-like tubules
separated by fibrovascular stroma, lined
by cells with basally located nuclei and
abundant faintly eosinophilic cytoplasm
éxtending into the lumen.

o No spermatogenic cells seen.

e These tumours frequently have areas with

nests of vacuolated cells/Sertoli cells with- .

out obvious tubular structures.

o These tumours have frequently a relatively
high proportion of fusiform theca-like cells.

o If differentiation between focal hyperplasia
and benign sertoli cell tumour cannot be
based on the basis of criteria listed above,
a proliferative lesion with a diameter larger
than the size of a corpus luteum is inter-
preted to be a tumour.

Differential Diagnosis

HYPERPLASIA, SEX CORD STROMAL
(SERTOLI CELL):

Diameter is smaller than or equal to the
size of a corpus luteum.

Fig. 28: Benign Sertoli cell tumour show- !
ing circumscribed nodule with tubular struc- .
tures. H&E; x40 ’

TUMOUR, GRANULOSA CELL, BENIGN :
or THECOMA, BENIGN: }

Sertoli tumours are differentiated from -
granulosa cell tumours and other sex cord -
stromal tumours by their tubular growth :
pattern and cellular characteristics (pre-
dominant cell type present).




artoli cell tumour show-
5dule with tubular struc-

7LOSA CELL, BENIGN

INIGN:

are differentiated from
mours and other sex cord
; by their tubular growth
lular characteristics (pre- ~

pe present).

TUMOUR, SERTOLI CELL, BENIGN

Fig. 29: Benign Sertoli cell tumour showing
seminiferous like tubules. H&E; x85

TUMOUR, SERTOLI CELL,
MALIGNANT:

The malignant Sertoli cell tumour is dif-
ferentiated from the benign Sertoli cell tu-
mour by more poorly differentiation, infil-
trative growth pattern and areas of haem-
orrhage and necrosis.

Comment -

This category includes Sertoliform tubular
adenomas. In Sprague-Dawley strains a
tubular form exists with irregular tubules
made up of pale vacuolated cells with indis-
tinct cell boundaries which may give a syn-
FYtial appearance. These cells often have
Intracytoplasmic hyalin-like PAS-positive in-

clusions. This variant differs from the other
Sertoli cell type tumour in that the tubular
cells lack basal nuclei and vertically oriented

" ¢ytoplasm.

References
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TUMOUR, SERTCLI CELL, MALIGNANT (M)

Synonym(s): androblastoma; arrhenoblas-
toma; tumour, gonadal stromal, malignant;
tumour, sex cord stromal, malignant; tu-
mour, sex cord stromal, malignant, Sertoli
type; tumour, sustentacular, malignant

Histogenesis

Sex cord/stromal cells.

Diagnostic Features

e Sertoli cell tumours resemble their testic-
ular counterpart.

o Characterized by seminiferous-like tubules
separated by fibrovascular stroma, lined
by cells with basally located nuclei and
abundant faintly eosinophilic cytoplasm
extending into the lumen.

o No spermatogenic cells seen.

o Malignancy is evidenced on the basis of fo-
cal necrosis, haemorrhage, and local inva-
sion and/or metastasis.

e Malignant Sertoli cell tumours are usually
less well differentiated, exhibiting rounded
pleomorphic cells.

e Areas of granulosa-like cells may be
present but are not the main characteris-
tic.

Differential Diagnosis

TUMOUR, GRANULOSA CELL,
MALIGNANT or THECOMA,
MALIGNANT:

Sertoli tumours are differentiated from
granulosa cell tumour and other sex cord

stromal tumours by their tubular growth

pattern and cellular characteristics.

Boghoz o 2%

Fig. 30: Malignant Sertoli cell tumour show-
ing nests and tubular structures. H&E; x210

TUMOUR, SERTOLI CELL, BENIGN:

The malignant Sertoli cell tumour is dif-

ferentiated from the benign Sertoli cell tu-

mour by more poorly differentiated infil-
trative growth pattern and areas of haem-
orrhage and necrosis.

References
See 1, 3, 4, 16, 23, 26, 30, 36, 39.
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TUMOUR, SEX CORD STROMAL, MIXED, BENIGN 27

TUMOUR, SEX CORD STROMAL, MIXED,

BENIGN (B)

OVARY

Histogenesis

Sex cord/stromal cells.

Diagnostic Features

o Tumour consists of a mixture of granulosa,
luteal, theca, Sertoli and stromal cells,
which may show various degrees of differ-
entiation. No cell type dominates (> 70%).

e Discrete well demarcated focal lesions,
which are bigger than one large corpus lu-
teum.

o Included in this category are also ex-
tremely large diffuse mixed-type lesions
which encompass the whole ovary and are
in size/diameter markedly larger than a
normal ovary (old age type sex cord stro-
mal hyperplasia).

Differential Diagnosis

TUMOUR, GRANULOSA CELL, BENIGN
or TUMOUR, SERTOLI CELL, BENIGN
or THECOMA, BENIGN or TUMOUR,
GRANULOSA CELL, MALIGNANT or
TUMOUR, SERTOLI CELL,
MALIGNANT or THECOMA,
MALIGNANT:

One differentiated cell type dominates
-(Sertoli, granulosa, theca) (> 70 %).

HYPERPLASIA, SEX CORD STROMAL
(FOCAL):

Little or no compression. = Diameter is
smaller than or equal to that of a corpus
luteum. Discrete lesion with clear demar-
cation and generally of one cell type, e.g.
granulosa or theca. -

Fig. 31: Benign mixed sex cord stromal tu-
mour showing large nodule with a mixed mozr-
phological character. H&E; %35

HYPERPLASIA, SEX CORD STROMAL
(DIFFUSE MIXED TYPE):

Sex cord stromal diffuse mixed hyperplasia
type is differentiated from sex cord stromal
mixed tumour by the non-discrete growth
characteristics of the diffuse mixed type.
Only those lesions of the diffuse mixed type
which are extremely large are included in
this category. In diffuse mixed hyper-
plasias the size/diameter of the lesion is




Fig. 32: Higher-power view of benign mixed
sex cord stromal tumour showing mixed mor-
phological character with vacuolated cells,
granulosa and fusiform cells. H&E; x210

less than or equal to that of a normal ovary.
Very large lesions markedly bigger in size
and diameter than the normal ovary are
included in the tumour category.

References
See 1, 4.
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ABSTRACT

Because the paired lobes (ventral, dorsal, lateral, and anterior) of the rat prostate have not been consistently sampled in many carcinogenicity
and toxicity studies, comparison among different investigations has been compromised. The lack of specific site identification for prostatic lesions
further lessens the value of incidences reported. We present here the lobe-specific incidences and degree of severity of background prostatic, seminal
vesicular, and ampullary glandular lesions in 1768 control Fischer-344 rats from 35 recent National Toxicology Program 2-year carcinogenicity and
toxicity studies conducted in 4 laboratories. The dorsal and lateral lobes were combined and considered the dorsolateral lobe where inflammation,
epithelial degeneration, mucinous cysts, and edema were observed. Inflammation in the dorsolateral lobes was significantly associated with pituitary
gland adenoma whose prolactin was suggested to play an important role in pathogenesis of prostatic inflammation. Epithelial degeneration, epithelial
hyperplasia, inflammation, edema, and adenoma were conspicuous in the ventral lobes. Inflammation and edema occurred in the anterior lobes
(coagulating glands). Inflammation, dilatation, epithelial hyperplasia, edema, and adenoma were observed in the seminal vesicles. Inflammation was
also present in the ampullary glands. We suggest an optimal embedment and trimming method in rat prostate and seminal vesicle to ensure adequate,

consistent sampling.

Keywords. Accessory male sex glands; background data; histopathology; rodents; pituitary gland adenoma; prolactin; spontaneous.

INTRODUCTION

. Assessment of the potential toxicological and carcinogenic
effects of a chemical compound in male accessory sex glands
including prostate, seminal vesicle, and ampullary gland may
be difficult if the incidence of spontaneous histopathological
background lesions is unknown. Although the rat prostate has
been used as an experimental model to analyze the function of
androgenic hormones (26, 28), few background histopatho-
logical data exist for this gland and other male accessory sex
glands in Fischer-344 (F-344) rats commonly used in 2-year
carcinogenicity and toxicity studies (6, 11, 18, 41, 50).

The rat prostate consists of 4 paired lobes including ven-
tral, dorsal, lateral, and anterior (4,.23, 27, 28). The coagu-
lating glands, which represent the anterior lobes, are easily

distinguishable from the other prostatic lobes and have been

reported separately from prostate in routine studies. Most
biological studies of the rat prostate have been performed
on the ventral lobe because gross visualization of the dor-
sal and lateral lobes is difficult (28). Although the ventral,

Address correspondence to: Abraham Nyska, Laboratory of Experi-
mental Pathology, National Institute of Environmental Health Sciences,
PO Box 12233, Research Triangle Park, North Carolina 27709; e-mail:

- nyska@niehs.nih.gov.

dorsal, and lateral lobes differ morphologically and func-
tionally (19, 20, 23, 28), few studies have identified these
lobes separately (12, 13, 17, 18, 33-37, 50). Because the
paired lobes of the rat prostate have not always been sam-
pled consistently in past carcinogenicity and toxicity studies,
comparison among different studies has been compromised.
Omission of the identification of specific sites for prostatic
lesions in controls lessens the value of reported background
incidences. Histopathological lesions in the seminal vesicles
and ampullary glands have seldom been reported (4, 6-8, 18,
22, 30, 46, 50).

This retrospective histopathological examination was un-
dertaken to document lobe-specific tissue accountability and
incidences of background histopathological lesions in the
prostate, seminal vesicles, and ampullary glands in con-
trol F-344 rats from 35 recent 2-year carcinogenicity and
toxicity studies conducted in 4 laboratories for the Na-
tional Toxicology Program (NTP). In addition, possible as-
sociations between various lesions were explored statisti-
cally; in particular, possible correlation between prostatic
inflammation and the presence of pituitary gland adeno-
mas was evaluated, because exposure to prolactin (PRL)
has been implicated in the -development of prostatitis (40,
42, 51, 52), and prolactinomas are common in F-344
rats. : :

- 0192-6233/01$3.00+-50.00
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The method of tissue trimming is. vital for accurate
histopathological examination and interpretation of each lobe
of the rat prostate. One sectioning method, sagittal, has been
previously proposed for rat prostate (5—7). The standard oper-
ating procedure (SOP) of the NTP study, however, has been to
make a single transverse section including both dorsolateral
and ventral lobes of the prostate just posterior to the urinary
bladder. Our survey indicated, however, that the prostate was
not upiformly trimmed among the 4 laboratories perform-
1ing these NTP studies. We detail a trimming and embedment
guideline to ensure optimal histological samphng of the rat
prostate.

METHODS

Prostate, seminal vesicle, and ampullary gland tissue sec-
tions from 1768 control male F-344 rats were obtained from
selected feed (n = 20), gavage (n =
(n = 3) 2-year carcinogenicity and toxicity studies conducted
using the NTP’s SOP. Twenty recent bioassay studies were
chosen from Laboratory A, and the remaining 15 studies were
selected from 3 other laboratories—B, C, and D—operating
under Good Laboratory Practice guidelines. Housing con-
ditions for the rats had been standardized according to NTP
specifications (10). For each animal, a complete necropsy
had been performed and included gross and histopathological

" examination of major organs and all gross lesions. Tissues
had been fixed in 10% neutral buffered formalin, embedded
in paraffin, sectioned at 4 pm, and stained with hematoxylin
and eosin (H&E). Selected sections of prostate were cut
from NTP blocks and stained with Masson-trichrome and
Alcian blue (pH 2.5)-periodic acid Schiff (PAS).

Because distinguishing between dorsal and lateral lobes
on a routine basis in carcinogenicity and toxicity studies is

_difficult, we combined the dorsal and lateral lobes from the
NTP slides and considered them the dorsolateral lobe (4, 6, 7).

- Histopathological lesions were thus recorded as dorsolateral

lobe, ventral lobe, coagulating gland, seminal vesicle, and
ampullary gland.

The amount of tissue from dorsolateral and ventral lobes,
coagulating gland, seminal vesicle, and ampullary gland was
estimated subjectively as a percentage of an optimal trans-
verse section and assigned a category: none, 1-25%, 26-50%,
51-75%, and 76-100%.

The severity of nonproliferative lesions was scored subjec-
tively using 4 grades based on the size and/or multiplicity of
the lesions expressed as the percentage of acini, as follows:
(1) minimal—lesion occurring in less than 10% of acini; (2)
mild—10-39%; (3) moderate—40-79%; (4) marked—more
than 80%.

After documentation of lobe-specific lesions in the
prostate, the incidence data for some of the common find-
ings were evaluated statistically for the following possible
associations:

a. Presence of pituitary gland adenomas with the incidence
and severity of prostatic inflammation in the dorsolateral
and ventral lobes,

b. Prostatic inflammation with incidence of hyperplasia in
the ventral lobe,

¢. Prostatic inflammation with mucinous cysts of the dorso-
lateral lobe.

12), and drinking water-

TOXICOLOGIC PATHOLOGY

The data from 5 recent studies conducted at Laboratory
A (33-37) were utilized for this purpose because prostatic
tissue accountability has been found to'be optimal from this
facility since 1985. Multiple and logistic regression statisti-
cal analyses (14, 49) were used after adjusting for survival
differences and study-to-study variability.

For immunohistochemistry, 15 paraffin sections of pitu-
itary gland containing adenomas were cut from randomly
selected blocks from 5 recent studies (33~37) without regard
to presence or absence of prostatic lesions and examined by
the avidin-biotin complex (ABC) method (21) using rabbit
antisera at the following dilutions as primary antibody: anti-
rat prolactin (PRL), 1:400; anti-rat growth hormone (GH),
1:200; anti-rat thyroid-stimulating hormone (TSH), 1:400;
anti-rat luteinizing hormone (LLH), 1:200; and anti-human
adrenocorticotrophic hormone (ACTH), undiluted. Rabbit
anti-human ACTH was obtained from DAKO Corporation,
Santa Barbara, California, and other primary antibodies were
purchased from Biogenesis, Inc., Sandown, New Hampshire.
The biotinylated secondary antibody and ABC complex were
obtained from Vector Corporation, Burlingame, California.
Then, 3, 3’-diaminobenzidine (DAB) was applied as a sub-
strate for the peroxidase reaction, and slides were counter-
stained with hematoxyhn

RESULTS

The relative amounts of tissue from prostatic lobes, semi-
nal vesicles, and ampullary glands are summarized in Table 1.
The data show that the quantity of dorsolateral and ventral
lobe tissue was highly variable among laboratories so that a
preponderance of either dorsolateral or ventral lobe occurred
depending on sampling. The quantity of these tissues varied
within each individual laboratory as well, indicating incon-
sistency of sampling among studies. Tissues from the ventral
lobe were missed altogether in Laboratories C and D in a
large percentage of cases. Because more than 51% of the
maximum transverse area was usually present in coagulat-
ing gland and seminal vesicle sections from each laboratory,
consistent sectioning did not seem to be a problem for these
tissues. Ampullary glands were found not to be sectioned in
Laboratories C and D in a large percentage of cases. :
. Detailed criteria for defining normal histological and
histopathological characteristics in prostate, coagulating
glands, seminal vesicles, and ampullary glands have been
reported in the literature (3, 4, 23, 28) and are described
briefly next for comparison with characteristics of lesions.
encountered. in our survey. Our own observations of lesion
occurrence are noted following the summarized descriptions.

Normal Prostate

The lateral regions of the dorsolateral lobes (see Figure 1)
are bound to the urethra by smooth muscle, connective tissue
stroma, and ducts. The acini of the lateral lobes are large
and loosely arranged within stroma and contain strongly
eosinophilic secretions. The epithelium is cuboidal to colum-
nar, and the nuclei of the epithelial cells are centrally located; -
supranuclear areas of cytoplasmic pallor are prominent.

The dorsal regions of the dorsolateral lobes are separated
from the lateral regions by thin smooth muscle and connec-
tive tissue stroma. Secretion in the dorsal lobes is moderately
eosinophilic; the acini are large, but with minimal infolding,
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TABLE 1.—Quantity of tissue present.

Laboratory A B Cc D
Number of studies 20 5 5 5
Number of animals examined 1003 253 260 252
Dorsolateral lobe (969) (246) (26) (142)
none 34 (3.4%) 7 (2.8%) 234 (90.0%) 110 (43.7%)
1-25% 41 (4.1%) 14 (5.5%) 14 (5.4%) ) 26 (10.3%)
26-50% 199 (19.8%) 93 (36.8%) 5(1.9%) 65 (25.8%)
©51<75% 241(24:0%) 55 (21:7%) - 20:8%) ~21-(8:3%)— - -
76-100% 488 (48.7%) 84 (33.2%) 5 (1.9%) 30 (11.9%)
Ventral lobe (524) (82) (242) (190)
none 479 (47.8%) 171 (67.6%) 18 (6.9%) 62 (24.6%)
1-25% 105 (10.5%) 65 (25.7%) 6 (2.3%) 19 (7.5%) -
26-50% 104 (10.4%) 14 (5.5%) 79 (30.4%) 71 (28.2%)
51-75% 145 (14.5%) 2 (0.8%) 79 (30.4%) 46 (18.3%)°
76-100% 170 (16.9%) 1(04%) 78 (30.0%) 54 (21.4%)
Coagulating gland {850) (202) (212) (224)
none 153 (15.3%) 51 (20.2%) 48 (18.5%) 28 (11.1%)
1-25% 39 (3.9%) 9 (3.6%) 8(3.1%) 5 (2.0%)
26-50% 47 (4.7%) 13 (5.1%) 11 (4.2%) 6 (2.4%)
51-75% 93 (9.3%) 23 (9.1%) 15 (5.8%) 10 (4.0%)
76-100% 671 (66.9%) 157 (62.1%) 178 (68.5%) 203 (80.6%)
Seminal vesicle (993) (252) (256 (248)
none 10 (1.0%) 1 (0.4%) 4 (1.5%) 4 (1.6%)
1-25% 8(0.8%) 1 (0.4%) 2 (0.8%) 1(0.4%)
26-50% 50 (5.0%) © 4 (1.6%) 9 (3.5%) 6 (2.4%)
51-75% 162 (16.2%) 9 (3.6%) 13 (5.0%) 15 (6.0%) .
76-100% 773 (77.1%) 238 (94.1%) 232.(89.2%) 226 (89. 7%)
Ampullary gland (632) (222) &) (69)
none 371 (37.0%) 3t (12.3%) 25 (96.9%) 183 (72.6%)
1-25% 100 (10.0%) 20 (7.9%) 3(1.2%) 11 (4.4%)
26-50% 82 (8.2%) 47 (18.6%) 2 (0.8%) 20 (7.9%)
51-75% 140 (14.0%) 43 (17.0%) 3(1.2%) 18 (7.1%)
76-100% 310 (30.9%) 112 (44.3%) 0 (0.0%) 20 (7.9%)

(): Number of animals with available tissue for evaluation.
%: Percentage of an optimurm cross-section that is present.
(%): Percentage of total number of animals.

and loosely distributed within stroma. The epithelium is gen-
erally cuboidal, and the nuclei of the epithelial cells are cen-
trally located; supranuclear areas of cytoplasmic pallor are
observed.

The ventral lobes are attached to the urethra by smooth
muscle, connective tissue stroma, and ducts whose epithe-
lium is mainly cuboidal. Secretions in the acini, which were

rather tightly packed in the stroma, are pale and slightly

eosinophilic. The acini of the ventral lobes exhibit infrequent
and varying degrees of infolding. The epithelium is colum-
nar to cuboidal and basophilic, and the nuclei of the epithelial
cells are basally located; supranuclear areas of cytoplasmic
pallor are conspicuous.

Normal Coagulating Glands

The coagulating gland acini are tightly packed, surrounded
by thick smooth muscle and connective tissue stroma and
attached to the seminal vesicles. The acini are typically in-
folded and contain moderately eosinophilic secretion. The
epithelium is generally columnar. The nuclei of the epithelial

cells are cenirally located; basilar areas of cytoplasmlc pallor

are pr ominent.

Normal Seminal Vesicles

Thick smooth muscle cells and connective tissue stroma
surround the acini that are infolded peripherally and exhibit
a strongly eosinophilic secretion in a centrally distended lu-
men. The epithelium is columnar, and the nuclei of the ep-
ithelial cells are basally located with areas of cytoplasmic
pallor in the apical cytoplasm.

Normal Ampullary Glands

These glands encircle the vas deferens. The acini are large
uniform in size and surrounded by smooth muscle and con-
nective tissue stroma. A strongly eosinophilic secretion con-
taining clear vacuoles is typically artifactually separated from
the epithelium by clear space. The epithelium is flattened to
cuboidal, and the nuclei of the epithelial cells are centrally
located.

The incidence of histopathological lesions in prostatic
lobes, coagulating glands, seminal vesicles and ampullary
glands is summarized in Table 2. Descriptions for the non-
proliferative and epithelial proliferative lesions follow.

Prostatic, Coagulating Glandular, Seminal Vesicular,
and Ampullary Glandular Inflammation

This lesion is characterized by various degrees of inflam-
matory cell infiltration both in the interstitium and acinus
(Figure 2). The lumina contain neutrophilic infiltrations and
include various amounts of secretion, often accompanied by
accumulations of tissue debris, sometimes forming abscesses.
Denudation of the epithelium often coexists with neutrophilic
exudation. Reactive hyperplasia, squamous metaplasia, and
vacuolar degeneration of epithelium are observed in involved
acini (Figure 3). Lymphocytes and plasma cells infiltrate
thickened periacinar interstitial connective tissues in vary-
ing degrees. Fibrosis as a part of inflammatory reactions is
frequently observed in the interstitium.

Our observations indicated that inflammation occurred
from greater to lesser frequency in, respectively, the dorsolat-
eral lobe, ventral lobe, arnpullary gland, coagulating gland,
and seminal vesicle.



470 SUWA ET AL

Dorsat Lobe

Ventral Lobe

Coagulating Gland
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Lateral Lobe

Semmal Ves:cle

1 mm

FIGURE 1.—Mid-ransverse section of prosiateand seminal vesicle. Prostate seclion consists of dor: sal, Tateral, and ventral Tobes with portions of the seminal vesicle
{(SV), vas defersns (VD), and urinary bladder (UB) Visible. lf‘hg. seminal vesicle section contains seminal vesicle and voagulating gland. H&E stain. Bars = 1 mm,

inset bars = 100 jem.

Prostatic Mucinous Cysts

This noninvasive-lesion (see Figuies 4-6) is charactetized
by dilated acini filled with pale amphophilic mucinous ma-
terial and a small amount of debris surtounded by dense fi-
brous connective tissue and inflammatory cells. The size and
appearance of the cysts vary. The c'pith&iial lining for indi-
vidual cystic acini is metaplastic and varies from hypmce:l—
lular columnar cells producing mucin to low columnar and
atiophic squamoid cells. These different types of epithelial
cells oceur adjacent to each other, Localized areas of mucosal
denudation may be present. We noted that mucinous cysts ap-
peared only in the dorsolateral lobe and at a low incidénce.

Prostatic Epithelial Degeneration

Distention of the cytoplasm of the prostatic epithelium
and pale eosinophilic staining typify this lesion (Figure 7).
The nuclei are shrunken and have lost polarity. Occasionally
there is autophagy or phagocytosis of the epithelial cells by
the macrophages between them, We observed that epithelial
degeneration occurred more frequently inthe ventral than the
dorsolateral lobe.

oo

Seminal Vesicular Dilatation

The lamen is filled with sectetion and shows great dis-
tention associated with thinning of the muscular “wall and
fiattening of the epithelium, We rarely observed this change,
and the severity of this lesion was estlmated by the degree of
dilatation.

"Prosmﬁc, Coagulating Glandular, and Seminal

Vesicular Edema

A distended interstitium contains faintly eosinophilic ma-
tertal, F ewmﬂammawry cells are observed eitherin interstitia
or acini (Figure 8), We observed a low frequency of edema
in the different lobes of the prostate, coagulating gland and
seminal vesicle; the severity of this lesion was estimated by
the degree of expansion of the interstitium.,

Prostatic Epithelial Hyperplasic

Hyperplasia, defined also as atypical hyperplasia by
Bogland et al (5—7) consists of a proliferation of eplthe-
lial cells occurring in a single acinus or several adjacent
acini- without dlstentlon of 1hc acini or compression of the
surrounding tissues (Figures 9 and 10). Gradual transitions



Vol. 29, No. 4, 2001

TABLE 2.—Incidence of histopathological lesions.

BACKGROUND LESIONS IN RAT PROSTATE

471

Laboratory ' A B C - D Total
Number of studies 20 5 5 5 35
Number of animals 1,003 253 - 260 252 1,768
Dosing day 53-857 25-732 151-734 113-736 25-857
Dorsolateral lobe (969) (246) (26) (142) (1383)
Edema 4 (0.4%) 0 (0.0%) 0 (0.0%) 0(0.0%) 4(0.3%) .
[3.5] [ND] [ND] [ND] [3.5]
- - Epithelial degeneration-————-—-=--96(9:9%} - ————-—-—- 14[(5573%)——~ ) ([21331]%) — 15 ﬁ%nls%) 131f£95.]5%\
[1.6] . .
Inflammation 655 (67 6%) 197[(80]1%) 21 (805?%) 101 [(172;.]1%) 974[(38.]4%)
Mucinous cysts 59 (6 1%) 15 (6 1%) 0 (0.0%) 5(3.5%) 79 (5.7%)
2.1 2.0] [ND] [2.2] (2.1]
Primary tumor -
Schwannoma 1(0.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1(0.1%)
Secondary tumors 29 (3.0%) 11 (4.5%) 3(11.5%) 1{0.7%) 44 (3.2%)
Ventral lobe (524) (82) (242) (190) (1038)
Edema 1(0.2%) 0 (0.0%) 2(0.8%) 0(0.0%) 3(0.3%)
o [2.0] ND] [2.0] [ND] 2.0
Epithelial degeneration 197 (37.6%) 5(6.1%) - 83 (34.3%) 40 (21.1%) 325(31.3%)
[1.4] [1.4] [1.5] [1.3] [1.4]
Inflammation 52 (9.9%) 3(3.7%) 30 (12.4%) 13 (6.8%) 98 (9.4%)
[2.0] (1.0] [2.00 [1.8) (1.9
Epithelial hyperplasia 42 (8 0%) 4 (4.9%) 44 (18.2%) 17 (8.9%) 107 (10. 3%)
Primary tumor . :
Adenoma 4 (0.8%) 0 (0.0%) 3(1.2%) 2 (1.1%) 9 (0.9%)
Secondary tumors 9(1.7%) 0(0.0%) 14 (5.8%) 8 (4.2%) 31 (3.0%)
Coagulating gland (850) (202) (212) (224) (1488)
) Edema 5 (0.6%) 0(0.0%) 0(0.0%) 0 (0.0%) 5(0.3%)
: [2.8] ND [ND] ND] [2.8]
Inflammation 9 (1.1%) 3(1.5%) 0(0.0%) 2 (0.9%) 14 (0.9%)
[2.9] [4.0] [ND] [3.0] [3.11
Secondary tumors 6(0.7%) 1 (0.5%) 2(0.9%) 4 (1.8%) 13 (0.9%)
‘Seminal vesicle (993) 252) (256) (248) (1749)
Dilatation 4 (0.4%) 1 (0.4%) 0{0.0%) 2 (0.8%) 7 (0.4%)
3.5] [4.0] [ND] [4.0] 3.7
Edema 5(0.5%) 0 (0.0%) 0 (0.0%) 0(0.0%) 5(0.3%)
o ’ [3.0] ND] [ND] ND] [3.0]
Inflammation 8 (0.8%) 6 (2.4%) 0 (0.0%) 5(2.0%) 19 (1.1%)
[2.6] [2.7]1 [ND] 2.6] [2.6]
Epithelial hyperplasia 2 (0.2%) 2 {0.8%) 1(0.4%) 0 (0.0%) 5(0.3%)
Primary tumor
Adenoma 1(0.1%) 0 (0.0%) 0(0.0%) 0 (0.0%) 1(0.1%)
Secondary tumors 72(7.3%) . 33(13.1%) 17 (6.6%) 12 (4.8%) 134 (7.7%)
Ampullary gland (632) (222) 8) (69) (931)
Inflammation 147 (23.3%) 37 (16.7%) 2 (25.0%) 8(11.6%) 194 (20.8%)
[1.1] [1.2] 1.0 [1.0] Ly .
Secondary tumors 9 (1.4%) 0 (0.0%) 0 (0.0%) 0(0.0%) 9 (1.0%)

( ): Number of animals with available tissue for evaluation.
(%): Percentage of total number of animals.

{ |: Mean severity of nonproliferative histopathological lesions.
[ND]: Not detected.

Nonproliferative lesions were scored usmg 4 semiquantitative grades as follows: 1—minimal, 2—mild, 3—moderate, 4—marked; mean severities are based on affected animals only. .

occur from normal epithelium to hyperplastic areas with pap-
illary and cribriform formation. No inflammatory reaction in
or around this lesion is seen. No capsule formation is ob-
served. Hyperplastic epithelium is generally columnar, and
cytoplasm is tinctorially similar to that of normal epithelium.
Cellular polarity tends to be lost, and mitotic figures are rarely
observed. Reactive hyperplasia associated with inflammation
is considered a component of the inflammatory lesion and not
recorded as a separate finding as suggested by Bosland et al
(5-7). Cases of functional hyperplasia described by Bosland
et al (5~7) and characterized by increased infolding of the
epithelium at the periphery of the lobes are not included. In
our investigation, epithelial hyperplasia was observed at low
incidence only in the ventral lobe.

Seminal Vesicular Epithelial Hyperplasia

Hyperplasia is defined as a proliferation of epithelial cells
without distention of the acini or compression of the sur-

rounding tissues (Figure 11). Gradual transitions occur from
normal epithelium to hyperplastic areas with papillary forma-
tion. No inflammatory reactions in or around this lesion are
seen. Hyperplastic epithelial cells are generally columnar and
contain much more cytoplasm than normal epithelium. Cel-
lular polarity tends to be lost, and nuclei are hyperchromatic.
Mitotic figures are rarely observed. We rarely encountered
epithelial hyperplasia in the seminal vesicle.

Prostatic Adenoma

Adenoma (Figures 12 and 13) is defined as an intraglan-
dular epithelial proliferation filling the lumen of one or more
adjacent acini. No inflammation is associated with adeno-
mas, but in some lesions foamy macrophages are seen. Dis-
tortion or compression of surrounding tissue is observed.
The epithelial cells are usually arranged in a cribriform
or papillary pattern. The cells are cuboidal to colummar
-and slightly eosinophilic. The nuclei are round and slightly -
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RIGURE 2 —Marked (grade 4) inflamumation in the dorsolateral lobe. Accurmulation of nevtrophils in the acinae lumen and increase inconnective tissue with
lymphocytic infiltraton in the iuerstitium we prominent, HEE stain, Bar = 100 . 3-Marked (grade 4 inflammation in the dorselateral Jobe. Note reactive
hyperpla 1 lobe wre surrounded. by fibrous tissge and
distended into various sizes by pale amphophilic material, H&E stain, Bar = 500 m. 3.—Moderate (grade 3y mucinous cysts in the darsolateral lobe are surrounded
by fibrous tissue and lined by columnar 16 squamoid cells. Masson-trichirome statn, Bar = 100 g, §—Moderate igrade 31 mucinous cysts in the dorsolateral fobe.
Metaplastic columnar epithelial cells have PAS-positive Carrow) or Alcian blue-positive material. Alvian blue (pH 2.5)-PAS stain, Bar == 30 pore 7 —Mild {grade 2}
epithelial degeneration in the ventral lobe. Epitheliad cells wre distended by pale sosinophilic material. The nucied are locuted peripherally. H&E stain. Bar = 100 um.
R meMild {grade 2) edema in the ventral lobe. Faintly sosinophilic material is presént in tse faterstitiurn, H&E seain, Bar = 300 g, 9. —~Focal intra-acinar epithelial
hyperplasia in the ventral lobe, Note eribriform and papillary growth into the lumen. H&E stain. Bar == 100 g, i OFpitielial hyperplasia in'the ventral lobe. Note
minimal cribriform ang papillary growth. H&E stain. Bar = 100 pom. 1 L.—Epithelial hyperplasia in the seminal vesicle. Note papillary growds. H&E swin, Bar =
100 . 12.—Adenoma in the ventral lobe. The twmor is compressing the surrounding tissue. A eribriform growth pattern is prominent. H&E stain. Bar = 108 .
13—Higher magnification of Fig fielinl cells have Jost their polarity. and nuclear pleomorphism is shown. H&E stain, Bar = 50 pm. 14.—aAdenoma in
the seminal vesicle. The neoplastic epithelium has formed as a papiliary bud (seroy teading into the Inuen. H&E stain. Bar = 300 jon..

zure b2
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TABLE 3.—Summary of pituitary gland adenoma and prostatic inflammation incidence and severity in male F-344 control rats in S NTP studies.

Severity of inflammation

Incidence of Incidence of inflammation (Mean)**
pituitary gland Dorsolateral Dorsolateral
Reference adenoma . lobes Ventral lobes lobes Ventral lobes
37 38.0% (19/50) " 70.8% (34/48) 18.4% (9/49) 14 0.4
34 40.0% (20/50) 84.0% (42/50) 18.0% (9/50) 1.9 0.4
36* 31.7% (19/60) 78.3% (47/60) 8.5% (5/59) 1.5 - 02
33 20.0% (10/50) 73.5% (36/49) 8.5% (4/47) 1.5 0.2
35 28.0% (14/50) 48.9% (23/47) 16.7% (8/48) 0.9 0.3

*Lifetime study; others were 2-year studies.
**Including studies having zero severity.

hyperchromatic. Cells have lost their normal polarity, and mi- -

totic figures are occasionally seen. The basement membrane
of the adenomatous acini remains intact. We observed that
adenoma in the prostate was mostly confined to the ventral
lobe.

Semi’nal Vesicular Adenoma

Gradual transitions occur from normal epithelium to pro-
liferative areas (Figure 14). No inflammatory reactions in or
around this lesion are seen. The epithelial cells are predomi-
pantly arranged in a cribriform or papillary pattern. The ep-
ithelial cells are generally columnar and contain much more
cytoplasm than normal epithelium. Cellular polarity tends
to be lost, and nuclei are hyperchromatic. Mitotic figures are
rarely observed. The one adenoma that we observed was char-
acterized by a proliferation of epithelial cells with peduncular
attachment.

Statistical Analysis of the Relationship Between Prostatic
Inflammation and Pituitary Gland Adenoma, Epithelial
Hyperplasia, and Mucinous Cysts

- Inflammation of the ventral lobe occurred at a much lower '

incidence and severity than in the dorsolateral lobes (Table 3)
and showed no correlation with the incidence of pituitary
gland adenoma. In contrast, the incidence and severity of
inflammation in the dorsolateral lobes of prostate showed
a highly significant (p < 0.001) association with the pres-
ence of pituitary adenomas (Table 4). No association was
found between prostatic inflammation and the incidence of
hyperplasia in the ventral or dorsolateral lobe (data not pre-
. sented). Multiple and logistic regression analyses revealed a
significant (p < 0.05) association between inflammation and
mucinous cysts in the dorsolateral lobes (Table 5).

TABLE 4—Summary of association between incidence of pituitary gland
adenoma and prostatic inflammation in dorsolateral lobes in male F-344 control
rats from 5 NTP studies. )

Immunohistochemical Expression of Pituitary Gland
Adenoma

Most pituitary gland adenomas demonstrated PRL posi-
tivity, and most PRL-positive pituitary gland adenomas were
accompanied by inflammation of the dorsolateral prostatic
lobe (Table 6). One PRL-positive pituitary gland adenoma
had TSH and LH positivity, TSH and LH positivity, but PRL
negativity, were observed in one pituitary gland adenoma.
ACTH positivity was detected in one adenoma; no other hor-

~ monal reactivity was observed.

DiscussioN

Comparison of histopathological findings from the 4 labo-
ratories revealed that the recorded incidence of proliferative
lesions and epithelial degeneration in the ventral lobes was
higher in laboratories that sampled primarily the ventral lobe,
whereas recorded observation of inflammation and mucinous
cysts in the dorsolateral lobe was higher from laboratories
that sampled mainly dorsolateral lobes. These results indi-
cate obvious sampling bias and suggest the importance of
histopathological examination of both dorsolateral and ven-
tral lobes of rat prostate to detect proliferative as well as
nonproliferative lesions.

Although the coagulating glands and seminal vesicles ob-
tained from the 4 laboratories were sectioned optimally, sec-
tioning of both dorsolateral and ventral lobes was not con-
sistent. Because of anatomical similarities of the human
prostatic posterior, middle, and lateral lobes to the rat dor-
sal, anterior (coagulating gland) and lateral lobes, respec-
tively (48), inclusion of both dorsolateral and ventral lobes
in histopathological examinations to determine precise lobe
localization of lesions in rat prostate might have relevance to
humans.

TABLE 5.—Summiary of association between incidence and severity of muci-
nous cysts and prostatic inflammation in dorsolateral lobes in male F-344 control
rats from 5 NTP studies.

Mucinous cysts

Incidence of Survival time )

Severity of inflammation pituitary gland (days) Severity of Severity*
in dorsolateral lobes adenoma (Mean + SD) inflammation Incidence (Mean)

0 15.3% (11/72) 693 96 0 1.4% (1/72) - 0.0

1 14.8% (9/61) 676 + 128 1 6.6% (4/61) 0.1

2 41.2% (28/68)* 685 £+ 82 2 8.8% (6/68) 02

3 56.8% (25/44)* 673 £83 3 9.1% (4/44) 02

4 88.9% (8/9)* 666 £+ 71 4 22.2% (2/9) 0.6

*p < 0.05 versus animals with no inﬂamxﬁation; overall trend: p < 0.001.

*Significance of overall trend p < 0,05, including studies having zero severity.

s
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TABLE 6.—Summary of immunohistochemical expression of 15 (3/study, selected at random) pituitary gland adenomas and their association with prostatic”

inflammation in ventral lobe

inflammation*.
PRL GH TSH LH ACTH
~ Total number of immuno-positive pituitary 13/15 (86.7%) 0/15 (0.0%) 2/15 (13.3%) 2/15 (13.3%) 1/15 (6.7%)

gland adenomas

Number of pituitary gland adenomas with 12/13 (92.3%) 0/0 (—) 2/2 (100.0%) 2/2 (100.0%) 1/1 (100.0%)
inflammation in dorsolateral lobe ’

Number of pituitary gland adenomas without 113 (7.7%) 0/0 (—) 0/2 (0.0%) 0/2 (0.0%) 0/1 (0.0%)
inflammation in dorsolateral lobe T T e T e " -

Number of pituitary gland adenomas with 2/13 (15.4%) 0/0 (—) 0/2 (0.0%) 0/2 (0.0%) 0/1 (0.0%) -
inflammation in ventral lobe ' ’

Number of pituitary gland adenomas without 11/13 (84.6%) 0/0 (—) 2/2 (100.0%) 2/2(100.0%) 1/1 (100.0%)

(%), Percentage of number of pituitary gland adenomas expressing immunohistochemical positivity.
PRL: prolactin; GH: growth hormone; TSH: thyroid-stimulating hormone; LH: luteinizing hormone; ACTH: adrenocorticotrophic hormone.
*13/15 cases had inflammation in the dorsolateral lobe and 2/15 cases had inflammation in the ventral fobe.

The association between the quantity of tissue present in
a section and the incidence of prostatic lesions is illustrated
in Table 7 using epithelial degeneration of the ventral lobe
as an example. Note that the incidence of this degeneration
is clearly related to the amount of tissue present at Labora-
tories A, C, and D; Laboratory B had an insufficient quan-
tity of tissue to show this association. For example, the 3
to 4-fold increase in the overall incidence of epithelial de-
generation of ventral prostate at Laboratory D (21%) rela-

" tive to Laboratory B (6%) is highly significant (p < 0.01

by a Fisher’s exact test) (47) if the amount of tissue sam-
pled is not taken into account. If tissue amount is consid-
ered, however, by comparing incidence rates for groups with
equivalent tissue amounts using a Mantel-Haenszel test (49),
then the difference in incidences between the two laborato-
ries becomes insignificant- (p > 0.20). The reason that the

incidence of epithelial degeneration of the ventral lobe is

much lower in Laboratory B (6%) than at the other 3 lab-
oratories (21-38%) likely simply reflects the fact that 79%
(65/82) of the ventral lobe samples at this laboratory involved
only 1-25% of the lobe. In contrast, 80-98% of the sam-

ples from the other 3 laboratories involved 26—100% of the

lobe, so a higher incidence of epithelial degeneration would
be expected and was observed. The amount of tissue sam-
pled by a laboratory clearly influences the reported inci-
dence of epithelial degeneration of the ventral lobe. These
observations illustrate that the quantity of tissue sampled is
an important variable that must be standardized if historical
control incidence data from different laboratones are to be
compared.

The histopathological characteristics of spontaneous pro-
liferative and nonproliferative lesions in prostate and seminal
vesicles of F-344 rats compiled for this study were similar to
those previously reported for this and other rat strains (4, 18,

30, 50). Quantification of the incidence and characterization
of proliferative and nonproliferative lesions in each lobe of
the prostate, seminal vesicle and ampullary gland is important .
because of differential lobe sensitivity to spontaneous and
induced lesions (4-7, 22).

Although less tissue from the ventral than the dorsolateral
lobe was present in slides from all four laboratories, our find-'
ings demonstrate that proliferative lesions of the rat prostate,
including epithelial hyperplasia and adenoma, were limited
exclusively to the ventral lobes. Spontaneous proliferative
lesions are known to occur more frequently in ventral than
dorsolateral lobes, while chemical carcinogens induce neo-

_plastic changes predominately in the dorsolateral lobe (4-6,

22,30, 41). Asreported previously (30, 41), no spontaneously
occurring adenocarcinoma was seen in ventral lobes of F-344
rats. Adolescent F-344 rats have been shown to be resistant to

. epithelial hyperplasia of the ventral lobe compared to Wistar
. and Sprague-Dawley rats exposed to tumor promoters during

the ontogenetic and postcastration growth and differentiation
periods (44). This interstrain susceptibility was suggested to
be related to a possible decreased sensitivity of androgen
receptors in F-344 rats (44). Epithelial hyperplasia and ade-
noma, as well as adenocarcinoma, are rarely reported in the
seminal vesicle in the F-344 rat (22, 30, 46); similar find-
ings were observed in the present investigation. Spontaneous
proliferative lesions including hyperplasia and adenoma have
not been reported in the ampullary gland in rats (7).

In the male accessory sex glands, inflammation is fre-
quently seen in prostatic tissue of the rat (4, 6). Spontaneous
prostatitis occurs in the lateral lobe of aged rats and has been
used as a model of nonbacterial prostatitis in humans (2, 29,
31). In our study, histopathological features of inflammmation
in the dorsolateral lobes were similar to those described for
various strains of rats used for toxicity and carcinogenicity

TABLE 7.—Incidence of epithelial degeneration in ventral lobe as a function of amount of tissue examined.

Quantity of :
tissue ' Laboratory A Laboratory B Laboratory C Laboratory D Total
1-25% 9% (9/105) 6% (4/65) 17% (1/6) 0% (0/19) 7% (14/195)
26-50% 36% (37/104) ' 7% (1/14) 32% (25/79) 20% (14/71) 29% (77/268)
51-75% 48% (70/145) 0% (0/2) 28% (22/79) 24% (11/46) 38% (103/272)
76-100% 48% (81/170) 0% (0/1) 45% (35/78) 28% (15/54) 43% (131/303)
34% (83/242) 21% (40/190) 31% (325/1038)

Total . 38% (197/524) 6% (5/82)
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FIGURE 15.-~Proposal for histological trimming of rat prostate and seminal vesicle. A midiransverse section should be made by making o midteansverse cut-of
263 min in thickness at mid area of ventral lobes that corresponds 1o region obscuring tinary bladder: embed anterior side of posterior portion of prostate downward
for microscopic examination of this cut surface to inclide dorsal, lateral, and vential lobes and ampullary gland: midtransverse section of sumnd] vesigle and

coagnlating gland should be made at mid area of seminal vesicle.

studies (2,4, 6, 8, 12, 31, 39). Bactetial infection (6, 31, 39),
unducunmnﬁucncc(ﬁ 24,29, 39,42,51,52), nnmunolomml
dysfunction (13, 38, 39), and stress (1, 6 17y may be factors
in development of prostatic inflammation. Because chronic
inflanmation of the prostate was suggested to promote hy-
perplasia in this tissue (25), we examined the possible rela-
U()ﬂshlp between these two processes in our study and found
o clear agsociation,

Neonatal hypen:neiactincmh induced by estradiol or PRL
‘Can later result in inflammation in the lateral prostate of the
adult rat with histopathological features similar to those of
spontaneous inflammation in the lateral lobe in rats (42, 53).
Recently, hyperpmlactmcmla in the adult male rat has been
implicated in the development of prostatitis of the lateral
Iobes (40, 42, 51, 52). A dose-response relationship between
exogenous prolactinemia and the severity of laleral prostatic
Jnﬂammatlon was observed (53). Because hyperprolactine-
mia or manipulation of PRL can either enhance or suppress
humoral and cellular immune responses, inflammation in the
lateral lobe may be related to an altered immune function (32,
52). PRL is likely involved because the lateral lobes appear
more sensitive thar the other 3 Jobes to the action of this hor-
smone (6). The majority of spontaneous pituitary gland adeno-
mas, relatively common among F-344 rats, are imimunohisto-
¢hemically reactive for PRL (43). Piwitary gland adenomas
of aging rats show mammotrophic or mammosomatotrophic
functions, and rats with mammotrophic neoplasms have el-
evated serum PRL. activity (9, 15). Although no statistical
analysis was performed due to small sample size, our lim-
ited immunohistochemical investigation showed that PRI-
positive adenomas were the most common finding (13/15
cases) in the pituitary gland. Twelve of these cases were
associated with inflammation in the dorsolateral prostatic
{6be. In‘contrast; in 2 of these animals showing 13 adenomas

positive for PRL., inflammation of the prostate ventral lobe
was noted. The significant relationship between the severity
of inflammation in the dorsolateral Tobes and the incidence
of pituitary gland adenoma and immunohistochemical tind-
ings in this study suggests that excess PRL produced by a
pituitary gldnd adenoma may be a predisposing factor for
inflammation in the dorsolateral lobes, ,

Mucinous ¢ysts, a lesion in the dorsolateral lobes in (his
study, have been referred to as mucoid metaplasia or cys-
tic changes in rat prostate (6). Differentiating between muci-
nous metap] asia and prostatic car ginoma isimportant becauge
some histological features of mucinous metaplasia resemble
those of low- gradc pmstatic carcinoma (43). Mucinous meta-
plama oceurs mainly in periurethal areas of human prostate
and is associated with an embryological remnant resembling
the prostatic utricle (16). The association of mucinous cysts
and inflammation in the dorsolateral lobe in our study sug-
gests that chronic irritation such as inflammation could be : a
causative factor.

Eplthehdl degeneration, the most conumon lesion that we
observed in the ventral lobes, had histopathologic features
similar to those reported previously (3, 4, 6, 29). The de-
cline of androgenic hormone by castration has been re-
ported to induce prostatic epithelial degeneration, leading to
both autophagy and phagocytosis of the epithelial cells by
macrophages (4, 29). The frequency of this lesion in the dor-
solateral and ventral lobes suggests sensitivity of these lobes
to androgen withdrawal (3).

Other h1stopathologlcal lesions including edemain the dor-
solateral and ventral lobes, coagulating gland and seminal
vesicle; dilatation in seminal vesicle; and secondary tumors
metastasizing in the dorsolateral and ventral lobes, coagulat-
ing glands, seminal vesicles, and ampullary glands appear to
have unrelated causes (4, 6).
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The conclusion from our survey is that greater attention
should be given to optimal technical sampling of prostate.
Although ventral lobes have, in the past, been collected and
embedded separately from the dorsolateral lobes for various
reasons, eg, weighing (7), we recommend that the collection
and fixation of prostate, seminal vesicle, and urinary bladder
be achieved together as a unit in order to maintain anatomic

-relationships-for-histopathological-examination:Frimming
should be performed to include both dorsolateral and ventral

lobes as shown in Figure 15 (5, 7). We recommend that ex-

aminers make a midtransverse cut of 2-3 mm in thickness
at the mid area of the ventral lobes. This anterior face of
the posterior portion of the prostate should correspond to the
prostatic region that obscures the base of the urinary bladder.
This cut surface is then embedded downward for microscopic
examination. We found that transverse sectioning was supe-

rior to frontal sectioning for yielding the optimal amount of

prostate examined in a single section. Consistent collection of
all appropriate regions by proper trimming and embedment
is essential to ensure accurate histopathological diagnoses of
prostatic lesions..
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